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TARGETED LIPID PARTICLES 

This invention relates to targeted lipid particles, to targeted lipids and to 
their use as delivery agents. 

5 

To be effective, many pharmaceutical agents need to be efficiently 
delivered to the cytoplasm of a eukaryotic cell. For many low molecular 
weight compounds of low to moderate polarity this is not a problem since 
such molecules can pass directly through the plasma membrane of the 

10 cell and into the cytoplasm. Direct passage is not available to other 
compounds of greater polarity or high molecular weight and these 
generally enter the cell by receptor mediated endocytosis or 
phagocytosis. These mechanisms are not efficient however for all sizes 
and types of molecule. In particular, large, polyanionic compounds are 

15 not readily taken up by cells when delivered in aqueous solution. 

One general solution to this problem is to couple any poorly transported 
pharmaceutical agent to a carrier which itself is readily taken up into the 
cytoplasm of a cell. This is not always satisfactory however, since 
20 coupling to the carrier may have an undesirable effect on the metabolism 
and/or antigenicity of the pharmaceutical agent and/or it may be difficult 
to recover the desired biological activity from the resulting conjugate 
once inside the cell. 

25 An alternative solution is to formulate the pharmaceutical agent with a 
delivery vehicle which is soluble in aqueous solutions but which can also 
mimic naturally occun^ing cell membrane constituents. This encourages 
fusion of the vehicle with a cell membrane and subsequent delivery of 
any associated pharmaceutical agent to the cytoplasm. 

30 

Amphiphilic lipids have frequently been used for this purpose. These 
typically have a hydrophobic backbone composed of one or more 
hydrocarbons and a hydrophilic polar head group containing one or 
more ionisable groups, to facilitate the transport of macromolecules to 
35 and across the plasma membrane of cells and into the cytoplasm. The 
polarity of the head group may be controlled by the selection of the 
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number and/or type of ionisable groups to achieve a range of negatively 
charged (anionic), neutral or positively charged (cationic) lipids. 

For the delivery of polyanions it is generally advantageous to use cationic 
5 lipids. The advent of gene therapy and the need to deliver anionic 
molecules such as nucleic acids to mammalian cells has provided much 
impetus to the development of this class of lipids. First generation 
compounds include those with a monocation head group such as N- 
[1 (2,3-dioleyloxy)propyl]-N,N,N-trimethylammonium chloride [DOTMA; 

10 Feigner. P L and Ringold. G M. Nature. 331 387-388 (1989)], 1.2- 
dimyristyloxypropyl-3-dimethylhydroxyethylammonium bromide [DMRIE; 
Zabner. J et a! J. Biol. Chem. 270, 16997-19007 (1995)] and 3p[N- 
(N^N''-dimethylaminoethane)carbamoyl]cholesterol (DC-Chol; Farhood, 
H et al . Biochim. Biophys. Acta. HI, 239-246 (1992)] and those with a 

15 polycation head group such as dioctadecyi-amidoglycylspermine [DOGS; 
Behr. J-P. eta!. Proc. Natl. Acad. Sci. 86, 6982-6986 (1989)]. 

In an effort to improve the properties of these early compounds for in vivo 
delivery of polyanions many more cationic lipids have been developed in 
20 which the nature and size of the hydrophobic backbone and/or the 
cationic head group have been varied (see for example International 
Patent Specifications Nos. W095/21931. WO96/10038, W096/17823, 
W096/18273, WO96/25508. W096/26179. WO96/41606. W097/18185, 
W097/25339. WO97/30170 and W097/31934). 

25 

A major problem with cationic lipids is that when mixed with polyanions 
they form amorphous complexes that bind non-specifically to cells. This 
makes this class of lipids inefficient for in vivo use, particularly where it is 
desired to selectively deliver a pharmaceutical agent to specific target 
30 cells. 

We have overcome this problem with a new class of targeted particles 
based on multipolar lipids. The particles are easily formed from a mixture 
of components, including polycationic hydrophilic lipids, antibodies or 
35 other targeting molcuies, and the polyanion to be delivered. The 
particles are small and are stable to physiological salt and pH conditions. 
Advantageously they are capable of efficiently transporting nucleic acids 
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and other polyanions to targeted cells in the presence of serum. When 
used in vivo the targeted particles advantageously generate little or no 
harmful side-effects when compared with other conventional cationic lipid 
delivery agents. 

5 

Thus according to one aspect of the invention we provide a targeted lipid 
particle comprising an assembly of one or more different multipolar lipids, 
polyanions and targeting molecules. 

10 In general each particle according to the invention contains multipolar 
lipid molecules, each of which is non-covalentiy associated with its 
neighbours and any polyanion present. Each targeting molecule 
similarly may be present as part of this non-covalent assembly or in one 
convenient arrangement may be covalently attached to a multipolar lipid 

15 or where present other component of the particle. More than one type of 
multipolar lipid, polyanion and/or targeting molecule may be present in 
each particle. Additional molecules may also be optionally present as 
part of each non-covalent assembly, including for example co-lipids and 
extraneous materials for delivery to a target as more particularly 

20 described below. Each particle of the invention is a discrete stmcture 
and non-liposomal in character. 

Each multipolar lipid in the particle according to the invention comprises 
a lipid with two or more covalently attached polar atoms or groups. By 

25 "polar atom or group" is meant any atom or group which is or contains 
one or more cationic or anionic centres and/or which is capable of being 
solvated by water. The same, or mixtures of such atoms or groups may be 
present on each lipid. In general, each multipolar lipid will contain at 
least one cationic centre capable of interacting with the polyanion(s) in 

30 the particle. 

The multipolar lipid may in particular comprise a lipid covalently linked to 
two or more polar groups selected from oligocations and hydrophilic 
hydrocarbons as more particularly described hereinafter. In one 
35 particular class, the multipolar lipid is a bipolar lipid. Particular examples 
of such lipids include those wherein the lipid is covalently attached to an 
oligocation and a hydrophilic hydrocarbon and is for example covalently 
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linked HH-LP-OC (where HH, LP and OC are the abbreviations used 
herein for hydrophilic hydrocarbon, lipid and oligocation respectivel;^ 

As explained above, the targeting molecule may be present in the 
5 particle either non-covalently associated with or covalently linked to a 
multipolar lipid or other component. Particular examples of covalently 
linked targeting molecules include for example TM-HH-LP-OC (where TM 
is the abbreviation used herein for targeting molecule), TM-HH-LP, TM- 
LP-OC. TM-HH-OC. TM-LP. TM-OC orTM-HH. 

10 

Additional molecules which may optionally be present in the particle 
include for example one or more of LP-OC, HH-LP. HH-OC. LP. HH and 
co-lipids. In these, and the targeted forms just described, each targeting 
and other element may where appropriate be directly linked, or where 

15 desired indirectly linked to each other via a spacer group. Covalently 
linked elements may be obtained by coupling together individual 
elements using standard chemical coupling techniques and appropriate 
functional groups present in the starting materials. Such reactions are 
described generally and In more detail hereinafter in relation to particular 

20 classes of compounds for use in the invention but can be readily adapted 
to provide any desired covalently linked combination of targeting 
molecule, hydrophilic hydrocarbon, lipid and oligocation. 

As used herein the term "targeting molecule" or abbreviation "TM" is each 
25 intended to mean a member of a complementary binding pair, the other 
member of the pair being present in a mammalian, e.g. human, or other 
animal, insect, microbial or plant host either attached to ai cell membrane 
or other cell surface or in soluble form and present intraceilularly and/or 
extracellularly. Thus in general the targeting molecule may be a peptide. 
30 including a glycopeptide, a polypeptide, protein, including a glycoprotein 
or phosphoprotein, a carbohydrate, glycolipid, phospholipid, 
oligonucleotide, polynucleotide or other organic molecule, e.g. a vitamin, 
which can specifically bind to a receptor, ligand. antigen or other 
naturally occurring or synthetic organic molecule. 

35 

The binding affinity of the targeting molecule for the other member of the 
complementary pair will be at least IO-^m, preferably lO-^M and greater. 
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e.g. around lO-^M to around 10-'*2m. Preferably the targeting molecule 
will be selective for the other member of the pair and it will not cross-react 
although absolute specificity is not essential. Advantageously the 
interaction of the targeting molecule with its ligand leads to delivery of the 
5 polyanion and any other assembled extraneous material to the cell 
interior. 

Antibodies and antigen-binding fragments and derivatives thereof as 
more particularly defined hereinafter form one particular class of suitable 
10 targeting molecules. Advantageously the antibody, fragment or 
derivative is an internalising antibody, fragment or derivative. 

Other examples of suitable targeting molecules include antibody mimetic 
molecules produced by combinatorial or other synthetic means; 

15 interferons, for example interferons a, p and y; tumour necrosis factors a 
and P; interleukins, for example interleukins 1 to 15; chemokines. for 
example MIP-1a, MIP-ip and RANTES; growth factors, for example 
PDGF, VEGF, EGF, TGFa, TBFp, GM-CSF. G-CSF, M-CSF. FGF. IGF, 
bombesins, thrombopoietin, erythropoietin, oncostatin and endothelin 1 ; 

20 peptide hormones, for example LH, FSH, TRH, TSH. ACTH, CRH, PRH, 
MRH. MSH. glucagon and prolactin; transferrin; lactoferrin; angiotensin; 
histamine; insulin; lectins; tissue inhibitor of metalloproteinases, for 
example TIMP-1. TIMP-2 and TIMP-3; apolipoproteins, for example 
apolipoprotein E; kinins; and vitamins, for example folic acid and vitamin 

25 B12. Fragments and other synthetic analogues of these molecules may 
be used, where these retain or have the appropriate selective binding 
action. It will be appreciated that the above list is not exhaustive and may 
be extended to include other naturally occurring binding molecules, 
including for example the complementary binding partner, or a binding 

30 fragment thereof, of each of those mentioned, for example the PDGF 
receptor, the VEGF receptor and so on. 

Similarly, adhesion moelcules and their binding partners or binding 
fragments thereof may be used in the invention as targeting molecules. 
35 Particular examples include \/LA-4, VMAC-1, fibronectin, LFA-1, MAC- 
1.ICAM-1. ICAM-2. Lewis X. GMP-140, ELAM-1, S-Lewis X. fibrinogen. 
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GPIIb/llla, CD28. B7, CD40. CD402L. CD4. laminin, VLA-1, VLA-2. VLA-3 
and VLA-6. 

Other examples of suitable targeting molecules include 
5 monosaccharides and oligosaccharides such as galactose, lactose and 
mannose. 

The term "hydrophilic hydrocarbon" and the abbreviation "HH" is each 
used herein to mean any hydrocarbon containing one, two or more 

10 groups capable of being solvated by water. The hydrophilic hydrocarbon 
may thus be any aliphatic, heteroaliphatic, cycloaliphatic, 
polycycloaiiphatic, heterocycloaliphatic or polyheterocycloaliphatic 
group, for example as described more particularly hereinafter in relation 
to the compounds of formula (1 ) [as being linked to the group R'^] or to the 

15 compounds of formula (la) [as being the group R7]. 

As used herein the term "lipid" or the abbreviation "LP" is each used 
herein to mean one or more optionally substituted straight or branched 
aliphatic or heteroaliphatic chains each containing a minimum of ten up 
20 to a maximum or around one hundred chain-linked atoms. Suitable 
lipids include those R'^ and R^ hydrocarbon chains described in 
compounds of formulae (1) and (1a) below. 

Co-lipids which may optionally be present as additional molecules in the 
25 particles according to the invention include acyclic and cyclic saturated or 
unsaturated lipids of natural or synthetic origin. Particular classes of co- 
lipids include for example glycerides, phospholipids, steroids, e.g. 
chlolesterol, and derivatives thereof. 

30 The term "oligocation" or the abbreviation "OC" is each used herein to 
mean any molecule containing two or more cationic centres. Each 
cationic centre may be provided by one or more heteroatoms capable of 
retaining a positive charge at a pH in the range from around pH2.0 to 
around pHIO.O. In practice whether a heteroatom will retain a positive 

35 charge in this pH range will depend on the nature and number of any 
other atoms or groups attached to it. Thus particular examples of suitable 
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cationic centres include primary, secondary, tertiary and quaternary 
amino groups, sulphonium and phosphonium groups. 

The number of cationic centres may be varied as desired depending on 
5 the intended use of the particle of the invention. At least two centres will 
be present, but three, four, five, six, seven, eight or more may be 
optionally incorporated. More than one type of centre may be present, for 
example mixtures of amino groups may be accommodated, and/or 
sulphonium and/or phosphonium groups. 

10 

In one general preference each cationic centre is an amino group. 
Particularly useful amino groups include primary, secondary and/or 
tertiary amino groups. The number of cationic centres in the oligocation 
will preferably be from three to eight. 

15 

In operation, each particle according to the invention can be used to 
deliver the assembled polyanion. together with any other optional 
extraneous material forming part of the assembly, to a desired target as 
more paticulariy described hereinafter. The extraneous compound may 

20 be any organic compound ranging in size from a low molecular weight 
molecule through to a macromolecule. Extraneous complexes include 
for example complexed metal and other ions. Mixtures of compounds 
and/or complexes may be present in each particle. In one generally 
preferred class each extraneous compound or complex may be 

25 polyanionic. 

The polyanion and any extraneous compound or complex may be in 
particular a bloactive substance. Each bioactive substance may be for 
example a pharmacologically active agent, including an endosomolytic 

30 agent, a diagnostic agent or any agent able to modify the genotype 
and/or phenotype of a cell. Particular examples of such substances 
include bioactive proteins, peptides, polysaccharides, nucleic acids 
including synthetic polynucleotides, oligonucleotides and derivatives 
thereof, lipids, glycolipids, lipoproteins, lipopolysaccharides and viral, 

35 bacterial, protozoal, cellular or tissue fractions. 
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Particular polyanions in the particle include nucleic acids, for example 
single, double or triple stranded, circular or supercoiled DNA or RNA and 
hybrids, e.g. chimeroplasts and derivatives thereof. Where desired the 
DNA may be part of a structure such as a plasmid. 

5 

Each cationic centre will in general be separated from any other centre 
by spacer groups arranged to link the centres in a linear (straight and/or 
branched) or cyclic fashion. The overall effect may be an oligocation 
which has a straight and/or branched linear structure, a cyclic structure, 
10 or a mixture of straight and/or branched linear and cyclic structures. More 
than one type of spacer group may be present in an oligocation. Where 
desired a spacer group may form a terminal group on the oligocation, 
acting as a substituent on a cationic centre rather than a group 
connecting centres together. Each spacer group will in general be non- 
15 ionic and contain at least one carbon atom. Suitable groups include 
optionally substituted aliphatic, cycloaliphatic, heteroaliphatic, 
heterocycloaliphatic. aromatic or heteroaromatic groups. Particular 
examples of such groups Include those generally and specifically 
described below in relation to the group R2 in compounds of formulae (1) 
20 and (la) where this does not contain a cationic centre. 

One particularly useful class of particles according to the invention is that 
wherein the targeting molecule component Is an antibody or an antigen- 
binding fragment thereof. 

25 

The antibody will in general be capable of selectively binding to an 
antigen. Clearly the nature of the antigen is not crucial providing that it is 
accessible to the antibody. Thus the antigen may be any celt-associated 
antigen, for example a cell surface antigen such as a T-cell, endothelial 

30 cell or tumour cell marker, or It may be a soluble antigen. Particular 
examples of cell surface antigens Include adhesion molecules, for 
example integrins such as p1 Integrins, e.g. VLA-4, E-selectin, P-selectin 
or L-selectin. CD2, CD3, CD4, CDS, CD7. CDS. CD11a, CD11b, CD18, 
CD19, CD20. CD23, CD25, CD33, CD38, CD40, CD45, CDW52. CD69, 

35 carcinoembryonic antigen (CEA), human milk fat globulin (HMFG1 and 
2), MHC Class I and MHC Class II antigens, and VEGF, and where 
appropriate, receptors thereof. Soluble antigens include interleukins 
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such as IL-1, IL-2, IL-3. IL-4, IL-5, IL-6, IL-8 or IL-12, viral antigens, for 
example respiratory syncytial virus or cytomegalovirus antigens, 
immunoglobulins, such as IgE, interferons such as interferon-a. 
interferon-p or interferon-y, tumour necrosis factor-a, tumour necrosis 
5 factor-p, colony stimulating factors such as G-CSF or GM-CSF, and 
platelet derived growth factors such as PDGF-a, and PDGF-p and where 
appropriate receptors thereof. 

The antibody will comprise at least a variable region domain. The 
10 variable region domain may be of any size or amino acid composition 
and will generally comprise at least one hypervariable amino acid 
sequence responsible for antigen binding embedded in a framework 
sequence. In general terms the variable (V) region domain may be any 
suitable arrangement of immunoglobulin heavy (Vh) and/or light (Vl) 
15 chain variable domains. Thus for example the V region domain may be 
monomeric and be a Vh or Vl domain where these are capable of 
independently binding antigen with acceptable affinity. Alternatively the 
V region domain may be dimeric and contain Vh-Vh, Vh-Vl, or Vl-Vl, 
dimers in which the Vh and Vl chains are non-covalently associated 
20 (abbreviated hereinafter as Fv). Where desired, however, the chains may 
be covalently coupled either directly, for example via a disulphide bond 
between the two variable domains, or through a linker, for example a 
peptide linker, to form a single chain domain (abbreviated hereinafter as 
scFv). 

25 

The variable region domain may be any naturally occurring variable 
domain or an engineered version thereof. By engineered version Is 
meant a variable region domain which has been created using 
recombinant DNA engineering techniques. Such engineered versions 

30 include those created for example from natural antibody variable regions 
by insertions, deletions or changes in or to the amino acid sequences of 
the natural antibodies. Particular examples of this type include those 
engineered variable region domains containing at least one CDR and 
optionally one or more framework amino acids from one antibody and the 

35 remainder of the variable region domain from a second antibody. 
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The variable region domain may be covalently attached at a C-terminal 
amino acid to at least one other antibody domain or a fragment thereof. 
Thus, for example where a Vh domain is present in the variable region 
domain this may be linked to an immunoglobulin Ch1 domain or a 
5 fragment thereof. Similarly a Vl domain may be linked to a Ck domain or 
a fragment thereof. In this way for example the antibody may be a Fab 
fragment wherein the antigen binding domain contains associated Vh 
and Vl domains covalently linked at their C*termini to a CH1 and Ck 
domain respectively. The CH1 domain may be extended with further 
10 amino acids, for example to provide a hinge region domain as found in a 
Fab' fragment, or to provide further domains, such as antibody CH2 and 
CH3 domains. 

Antibodies for use in the invention may in general be monoclonal 
15 [prepared by conventional immunisation and cell fusion procedures] or in 
the case of fragments derived therefrom using any suitable standard 
chemical e.g. reduction or enzymatic cleavage and/or digestion 
techniques, for example by treatment with pepsin. 

20 Alternatively, the antibody may be a recombinant or engineered antibody 
obtained by the use of recombinant DNA techniques involving the 
manipulation and re-expression of DNA encoding antibody variable 
and/or constant regions. Such DNA is known and/or is readily available 
from DNA libraries including for example phage-antibody libraries [see 

25 Chiswell. D J and McCafferty, J. Tibtech. Ifi 80-84 (1992)] or where 
desired can be synthesised. Standard molecular biology and/or 
chemistry procedures may be used to sequence and manipulate the 
DNA, for example, to introduce codons to create cysteine residues, to 
modify, add or delete other amino acids or domains as desired. 

30 

From here, one or more replicable expression vectors containing the 
DNA may be prepared and used to transform an appropriate cell line, e.g. 
a non-producing myeloma cell line, such as a mouse NSO line or a 
bacterial, e.g. E.coli line, in which production of the antibody will occur. In 
35 order to obtain efficient transcription and translation, the DNA sequence 
in each vector should include appropriate regulatory sequences, 
particularly a promoter and leader sequence operably linked to the 
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variable domain sequence. Particular methods for producing antibodies 
in this way are generally well known and routinely used. For example, 
basic molecular biology procedures are described by Maniatis et al 
[Molecular Cloning, Cold Spring Harbor Laboratory, New York, 1989]; 
5 DNA sequencing can be performed as described in Sanger et al [PNAS 
74 . 5463. (1977)] and the Amersham International pic sequencing 
handbook; and site directed mutagenesis can be carried out according to 
the method of Kramer et al [Nucl. Acids Res. J2. 9441, (1984)] and the 
Anglian Biotechnology Ltd handbook. Additionally, there are numerous 

10 publications, including patent specifications, detailing techniques 
suitable for the preparation of antibodies by manipulation of DNA, 
creation of expression vectors and transformation of appropriate cells, for 
example as reviewed by Mountain A and Adair, J R in Biotechnology and 
Genetic Engineering Reviews [ed. Tombs, M P, IQ, Chapter 1, 1992, 

15 Intercept, Andover. UK] and in International Patent Specification No. WO 
91/09967. 

In one preferred particle according to the invention the antibody targeting 
molecule is covalently attached to one or more of the other components 

20 of the particle. Particularly useful covalently linked molecules of these 
types are TM-HH-LP-OC, TM-LP-OC and TM-LP where TM represents 
the antibody or an antigen binding fragment thereof as just described. In 
these and any other antibody-linked components the antibody or 
fragment may be attached to the remainder of the molecule through any 

25 available amino acid side-chain, terminal amino acid or, where present, 
carbohydrate functional group located in the antibody or fragment, 
always provided of course that this does not adversely affect the binding 
properties and eventual usefulness of the molecule. Particular functional 
groups include for example any free amino, imino, thiol, hydroxyl, 

30 carboxyl or aldehyde group. Attachment of the antibody and any other 
component may be achieved via such groups and an appropriate 
functional group in the other component using standard chemical 
procedures. Thus for example when it is desired to use a thiol group in 
the antibody or fragment as the point of attachment this may be achieved 

35 through reaction with a thiol reactive group present in the other 
component. Examples of such groups include an a-halocarboxylic acid 
or ester, e.g. iodoacetamide, an imide, e.g. maleimide, a vinyl sulphone. 



wo 01/12154 



PCT/GBOO/03170 



12 

or a disulphide. These and other suitable linking procedures are 
generally and more particularly described in International Patent 
Specifications Nos. WO 93/06231, WO 92/22583, WO 90/091195 and 
WO 89/01476. 

5 

Particularly useful antibody targeting molecules in particles of the 
invention include Fab* fragments and scFv fragments covalently linked at 
the C-terminus to at least one other antibody domain, especially a hinge 
region domain, as described above. In these the fragment is preferably 

10 covalently linked to a HH-LP-OC, LP-OC or LP component. The linkage 
may especially be through a thiol group present in the fragment, 
especially in a hinge region domain. For this purpose the hinge region 
domain may be engineered to contain one reactive thiol group only by 
using the recombinant DNA techniques described above to create, modify 

15 or delete cysteine residues in the fragment. 

Particularly useful hydrophilic hydrocarbon, lipid, and oligocation 
components for use in particles according to the invention are those 
wherein all three components are covalently linked in the sequence HH- 
20 LP-OC. A particularly useful group of these has the formula (1 ): 

[Rl]m-(Ll)n-OC (1) 

wherein R*^ is a hydrocarbon chain optionally substituted by one or more 
25 hydrophilic hydrocarbons each containing one, two or more atoms or 
groups capable of being solvated by water, provided that at least one 
hydrocarbon chain is substituted by at least one hydrophilic hydrocarbon 
and each hydrophilic hydrocarbon is attached to the hydrocarbon chain 
to achieve at least a ten atom spacing along the chain between the 
30 hydrophilic hydrocarbon and the group -(L'')n-OC; 
m is an integer from 1 to 6; 
Li is a linker atom or group; 
OC is an oligocation; 
n is zero or the integer 1 ; 
35 and the salts, solvates and hydrates thereof. 

Oligocations in compounds of formula (1) include groups of formula 
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-[-C{R2)(R3)(R4)] in which R2 is a hydrogen atom or an optionally 
substituted aliphatic, cycloaliphatic. heteroaliphatic, heterocycloaliphatic, 
aromatic or heteroaromatic group optionally containing one or more 
cationic centres, and R^ and R"^ which may be the same or different is 
5 each an optionally substituted aliphatic, cycloaliphatic, heteroaliphatic, 
heterocycloaliphatic, aromatic or heteroaromatic group containing one or 
more cationic centres, or R^ and R"^ together with the carbon atom to 
which they are attached form a cycloaliphatic. heterocycloaliphatic, 
aromatic or heteroaromatic group containing two or more cationic 
10 centres. 

In the group -C(R2)(R3)(r4)^ the optionally substituted aliphatic, 
cycloaliphatic, heteroaliphatic, heterocycloaliphatic, aromatic or 
heteroaromatic group represented by R2, R3 and R"^ may each be an 

15 optionally substituted C1-30 aliphatic, C3.10 cycloaliphatic. C1-30 
heteroaliphatic, C3-10 heterocycloaliphatic, C6-12 aromatic or C1.9 
heteroaromatic group, each containing where appropriate one or more 
cationic centres. Each cationic centre may be one or more heteroatoms 
capable of retaining a positive charge as described in more detail above 

20 in relation to the term "oligocation". 

Particular examples of optionally substituted aliphatic groups include 
optionally substituted Ci-ioaliphatic chains such as optionally substituted 
straight or branched Ci-ealkytene. C2-6alkenylene or Ca-ealkynylene 
25 chains. 

Heteroaliphatic groups include the aliphatic chains just described but 
with each chain additionally containing one. two. three or four 
heteroatoms or heteroatom-containing groups. Particular heteroatoms or 
30 groups include atoms or groups. where Is as defined below for U 
when O is a linker atom or group. Each atom or group may interrupt 
the aliphatic chain, or may be positioned at its terminal carbon atom. 

Particular examples of aliphatic groups include optionally substituted 
35 -CH2-. -CH2CH2-, -CH(CH3)-. -C(CH3)2-. -(CH2)2CH2-, -CH{CH3)CH2-. 
-(CH2)3CH2-, -CH(CH3)CH2CH2-. -CH2CH(CH3)CH2-. -C(CH3)2CH2-, 
-(CH2)4CH2-. -(CH2)5CH2-. -CHCH- -CHCHCH2-. -CH2CHCH-, 
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-CHCHCH2CH2-, -CH2CHCHCH2-. -(CH2)2CHCH-. -CC- -CCCH2-. 
-CH2CC-, -CCCH2CH2-. -CH2CCCH2- or -(CH2)2CC- chains. Where 
appropriate each of said chains may be optionally interrupted by one or 
two atoms and/or groups to form an optionally substituted 
5 heteroaliphatic group. Particular examples include optionally substituted 
-L2CH2-. -CH2L2CH2% -L2(CH2)2-. -CH2L2(CH2)2-, -(CH2)2L2CH2-. 
•L2(CH2)3- and -(CH2)2L2(CH2)2- chains. The optional substituents 
which may be present on aliphatic or heteroaliphatic groups include one. 
two, three or more substituents selected from halogen atoms, e.g. 

10 fluorine, chlorine, bromine or iodine atoms, or hydroxyl, Ci-ealkoxy, e.g. 
methoxy or ethoxy, haloCi-ealkoxy, e.g. halomethoxy or haloethoxy such 
as difluoromethoxy or trifluoromethoxy, thiol, or Ci-ealkylthio e.g. 
methylthio or ethylthio. Particular examples of substituted groups include 
those specific chains just described substituted by one, two, three or 

15 more halogen atoms such as fluorine atoms, for example chains of the 
type -CH(CF3K -C(CF3)2- -CH2CH(CF3K -CH2C(CF3)2-. -CH(CF3)- and 
-C(CF3)2CH2-. 

Optionally substituted cycloaliphatic groups represented by R2, r3 or 
20 include optionally substituted C3.10 cycloaliphatic groups. Particular 
examples include optionally substituted Cs.iocycloalkylene, e.g. C3. 
ycycloalkylene, Cs-iocycloalkenylene e.g. Cs-ycycloalkenylene or C3. 
locycloalkynylene e.g. Cs-ycycloalkynylene groups. 

25 Particular examples of cycloaliphatic groups include optionally 
substituted cyclopropylene, cyclobutylene, cyclopentylene, 
cyclohexylene. cycloheptylene, 2-cyclobuten-1-ylene. 2-cyclopenten-1- 
yiene and 3-cyclopenten-1 -yiene groups. 

30 Optionally substituted heterocycloaliphatic groups represented by R2, r3 
or R^ include the optionally substituted cycloaliphatic groups just 
described but with each group additionally containing one, two. three or 
four heteroatoms or heteroatom-containing groups as just defined. 

35 The optional substituents which may be present on the cycloaliphatic or 
heterocycloaliphatic groups include one, two, three or more substituents 
selected from halogen atoms Ci-ealkyI, e.g. methyl or ethyl, haloCi- 
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ealkyl. e.g. halomethyl or haloethyl such as difluoromethyl or 
trifluoromethyl. hydroxyl, Ci-ealkoxy, e.g. methoxy or ethoxy, haloCi- 
ealkoxy, e.g. halomethoxy or haloethoxy such as difluoromethoxy or 
trifluoromethoxy, thiol, or Ci-ealkylthio e.g. methylthio or ethylthio groups. 

5 

Optionally substituted aromatic groups represented by R2, R3 or 
include for example monocyclic C6.12 aromatic groups, such as 
optionally substituted phenylene. 

10 Optionally substituted heteroaromatic groups include for example 
optionally substituted monocyclic C1.9 heteroaromatic groups containing 
for example one, two, three or four heteroatoms selected from oxygen, 
sulphur or nitrogen atoms. Monocyclic heteroaromatic groups include for 
example five- or six-membered heteroaromatic groups containing one, 

15 two, three or four heteroatoms selected from oxygen, sulphur or nitrogen 
atoms. 

Optional substituents which may be present on the aromatic or 
heteroaromatic groups include one, two, three or more substituents 
20 selected from those just described in relation to cycloaliphatic and 
heterocycloaliphatic groups. 

When L"* is present In compounds of formula (1) as a linker atom or group 
it may be any multivalent atom or group. Particular examples of suitable 

25 linker atoms or groups include those of formula -(Alk'" )KX1 )s(Alk2)t- where 
is an -O- or -S- atom or a -C(0)-, -0(0)0-, -C(S)-, -S(0), -S(0)2- 
-N(R5)-. [where R^ is a hydrogen atom, straight or branched alky I group 
such as a methyl or ethyl group or an -Alk'^X'^- chain], -CON(RS)-. 
-0C(0)N(R5)., -CSN(R5)- .N(R5)C0-, N(R5)C(0)0-, -N(R5)CS-, 

30 .S(0)N(R5)-, -S(0)2N(R5). -N(R5)S(0)-, -N(R5)S(0)2- -N(R5)C0N(R5)- 
or -N(R5)S02N(R5)- group [where any of these groups contains two R^ 
substituents these may be the same or different]; Alk"* and Alk^ which 
may be the same or different is each an optionally substituted straight or 
branched Ci-ioalkylene, C2-ioalkenylene or C2.ioalkynylene chain 

35 optionally interrupted or terminated by one or more. e.g. one, two or 
three, carbocyclic or heterocarbocyclic groups and/or heteroatoms or 
heteroatom containing groups X"! as just defined, and r, s. and t, which 
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may be the same or different, is each zero or the integer 1 . provided that 
when one of r, s or t is zero at least one of the remainder is the integer 1 . 

Carbocyclic groups which may interrupt the groups A!k^ and Alk2 include 
5 for example optionally substituted C4-8cycloalkyl, e.g. optionally 
substituted cyclopentyl or cyclohexyl groups, or optionally substituted C4- 
Qcycloalkenyl, e.g. optionally substituted cyclopentenyl or cyclohexenyl 
groups. Heterocarbocyclic groups include for example carbocyclic 
groups of the types just mentioned containing one or more heteroatoms 

10 or heteroatom-containing groups X'* as defined above. Optional 
substituents which may be present on the chains represented by Alk'^ 
and Alk^ and the carbocyclic or heterocarbocyclic groups which can 
interrupt or terminate them Include one, two or three substituents selected 
from halogen atoms, e.g. fluorine, chlorine, bromine or iodine atoms or 

15 Ci.aalky!. e g- methyl or ethyl, or Ci.3alkoxy e.g. methoxy or ethoxy 
groups. 

It will be appreciated that the linker atom or group will be at least divalent 
in the instance where one group is attached to it. Where it is desired 
20 to attach more than one hydrocarbon chain to the linker the latter will 
need to be selected with an appropriate valency and this will generally 
mean that at least one of Alk'' or Alk^ will need to be present in the linker 
in a branched form and with the requisite number of atoms or groups 
to achieve the desired coupling. 

25 

Particular examples of linker groups represented by include groups of 
formula -X^AIk2- where X^ is as defined above and Alk2 is an optionally 
substituted -CH2-, -(CH2)2-. -(CH2)3-. -(CH2)4-. -(CH2)5- or -(CH2)6- 
chain; groups of fomiula [X^]2Alk^Xi Alk2 where Alk'' is a -CH2CH< group 
30 and X'^ and Alk^ are as just defined or a group of formula [Xij2Alki Alk^ 
where X''. Alk^ and Alk^ are as just defined. 

Each hydrocarbon chain as represented by R** in compounds of formula 
(1) may be a C10 up to about a Ceo hydrocarbon chain, for example a 
35 C16 to Ceo hydrocarbon chain such as a Cis to C48 hydrocarbon chain. 
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In particular, the chain may be an optionally substituted Cio*60 aliphatic 
chain such as an optionally substituted straight or branched Cio. 
eoa\ky\ene, Cio-6oalkenylene or Cio-6oalkynylene chain. Optional 
substituents which may be present on such chains include one or more 
5 halogen atoms, e.g. fluorine, chlorine, bromine or iodine atoms, or 
haloCi.ealkyI, e.g. -CF3 groups. Where desired each alkylene, 
alkenylene or alkynylene chain may be interrupted by one or more 
oxygen or sulphur atoms or optionally substituted Cs-ycycloalkyI, e.g. 
cyclopentyl or cyclohexyl, Cs-ycycloalkenyl, e.g. cyclopentenyl or 

10 cyclohexenyl, -C(0)- -C(S)-, -C(0)N(R5)-. .C(S)N(R5). .N(R5)C(0)-, 
-N(R5)C(SK -C(0)0-. -C(0)S.. .0C(0)N(R5k -S(Oh -S{02)-. 
-S(0)N(R5)-. -S(0)2N(R5). .N(R5)S(0)-, -N(R5)S(0)2-, -N(R5)C(0)N(R5k 
-N(R5)C(S)N(R5)-. .N(R5)S(0)N(R5)- or -N(R5)S(0)2N(R5)- groups. 
Optional substituents which may be present on cycloalkyi or cycloalkenyl 

15 groups of this type include one or more halogen atoms or haloalkyi 
groups as just described. It will be appreciated that when the aliphatic 
chain is an alkenylene or alkynylene chain it may have more than one 
unsaturated group. 

20 Each hydrophilic hydrocarbon attached to the group R^ may be an 
aliphatic, heteroallphatic, cycloaliphatic, polycycloaliphatic, heterocyclo- 
aliphatic or polyheterocycloaliphatic group. Particular examples of 
aliphatic groups include alkyi, alkenyl or alkynyl groups. Cycloaliphatic 
groups include cycloalkyi or cycloalkenyl groups, Polycycloaliphatic 

25 groups include two or more cycloalkyi or cycloalkenyl groups either 
joined directly or indirectly through a linker atom or group, for example a 
linker atom or group where is an atom or group as described above 
for the group U . Each of these aliphatic, cycloaliphatic or 
polycycloaliphatic groups may be optionally interrupted by one or more 

30 heteroatoms or heteroatom-containing groups, for example of the type 
described above in relation to the group to yield heteroaliphatic, 
heterocycloaliphatic or polyheterocycloaliphatic hydrocarbon groups. 

Each hydrophilic hydrocarbon contains one, two or more atoms or groups 
35 capable of being solvated by water. Examples of such groups include 
oxygen atoms (-0-) or oxygen-containing groups. Oxygen atoms may 
form part of a heteroaliphatic, heterocycloaliphatic or polycycio- 
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heteroaliphatic group as just described. Oxygen-containing groups may 
be substituents present on the various hydrocarbons just mentioned and 
include for example hydroxyl, amide and alkoxy groups such as methoxy 
or ethoxy groups. In general the number of groups capable of being 
5 solvated by water in each hydrocarbon will range from two to around two 
hundred. 

Particular examples of suitable hydrophilic hydrocarbons include polyols. 
Suitable polyols include naturally occurring polyols such as sugars and 

10 derivatives thereof, and synthetic polyols. Particular sugars include 
mono- and oligosaccharides. Sugar derivatives include glycosides In 
which a non-ionic aliphatic or heteroaliphatic group (for example of the 
type described herein) is joined to a sugar by a glycosidic linkage. 
Monosaccharides include for example open-chain or cyclic compounds 

15 containing three to eight, e.g. five or six, carbon atoms and at least two 
hydroxyl substituents. Oligosaccharides include for example at least two 
monosaccharides as just defined linked together by a glycosidic or other 
linkage. More than one type of monosaccharide may be present to yield 
a homo- or heterooligosaccharide. 

20 

Alternatively the hydrophilic hydrocarbon may be a polyether, for 
example a poly(alkylene oxide) and derivatives thereof, such as 
poly(ethylene oxide), poly(propylene oxide) or methoxy poly(ethylene 
oxide), a poly(oxyalkylated alcohol) or a poly(alkenyiene alcohol) or 
25 poly(alkynylene alcohol) such as poly(vinyl alcohol). The hydrocarbons 
may in general be straight or branched. Where desired co-polymers of 
these hydrocarbons may be used. 

Each hydrophilic hydrocarbon may be linked directly or indirectly to a 
30 hydrocarbon chain represented by R"*. For indirect linkage a linker atom 
or group may be employed, for example an atom or group where is 
as defined above as for the linker atom or group LV Where the group 
is multivalent, for example when it Is a branched alkylene chain 
containing more than one X"* atom or group, more than one hydrophilic 
35 hydrocarbon may be attached to it. 
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A particularly useful group of compounds of formula (1) has the formula 
(1a): 

[RVL3)q-[R%-(Ll)n"0C (1a) 

5 wherein OC, m and n are as defined for formula (1); 
is a hydrocarbon chain; 
is a linker atom or group; 
R7 is a hydrophilic hydrocarbon containing two or more atoms or groups 
capable of being solvated by water; 
10 q is zero or an integer from one to six; 
p is an integer from one to six; 

and the salts, solvates and hydrates thereof, provided that each or 
group, when present, is attached to a group R® to achieve at least a ten 
atom spacing along R^ between R7 or and the group -(Li)n-OC. 

15 

In the compounds of formula (1a) the hydrocarbon chain represented by 
R^ may be a Cio up to about a Ceo hydrocarbon chain as generally and 
more particularly described above in relation to the group R^. The 
hydrophilic hydrocarbon R7 may similarly be a hydrophilic hydrocarbon 
20 as described previously in relation to the group R'^. The group may be 
a linker atom or group as just defined. 

In the compounds of formulae (1) and (la) the oligocation OC is 
preferably -C(r2;)(R3)(R4) in these groups R2 is preferably a hydrogen 

25 atom, and R^ and R^ is each preferably a group -Sp'>[WSp2]bWSp3 or 
-Sp'^IWSp^lbWH in which Sp^ Sp^ and Sp^, which may be the same or 
different, is each a spacer group, W is a cationic centre as defined herein 
and b is zero or an integer from one to six. The spacer groups Sp'^ , Sp^ 
and Sp3 may be any optionally substituted aliphatic, cycloaliphatic, 

30 heteroaliphatic, heterocycloaliphatic, aromatic or heteroaromatic group 
as described above for the group R^ where this does not contain a 
cationic centre. 

In particular groups of this type, the cationic centre W is preferably a -NH- 
35 group. Spi, Sp2 and Sp^, which may be the same or different, is each 
preferably an optionally substituted Ci-ealkylene chain, b is preferably 
an integer from one to three. 
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Particularly useful oligocations include those of formula 
-CH[SplNHSp2NH2]2. -CH(Sp^NHSp2NHSp2NH2]2 or 

-CH[Sp^NHSp2NHSp2NHCH3]2 where each Sp^ and Sp2 group is the 
5 same or different and is an optionally substituted Ci-ealkylene chain, 
particularly wherein Sp^ is -CH2- and each Sp2 is -(CH2)3- or -(CH2)4-. 

In general in the compounds of formulae (1) and (1a) m is preferably an 
integer 2 or, especially, an integer 1. Each hydrocarbon chain, for 
10 example as represented by R1 and in formulae (1) and (1a) 
respectively, is preferably linear and in particular is a linear, optionally 
substituted Ci6.38alkylene chain. Optionally substituted Cis-soalkylene 
chains are particularly useful. 

15 In general each R'* group is preferably linked indirectly to the oligocation 
through a linker atom or group. The linker atom or group may be for 
example an atom or group as defined herein and thus in the 
compounds of formulae (1) and (1a) for example n is preferably the 
integer 1. 

20 

Preferred linkers include those of formula -XiAlk2- or -IXi]2AlkiX'"Alk2- 

where X^, Alk^ and Alk2 are as defined previously. Particularly useful 

linkers of these types are those wherein Alk2 is a -(CH2)4- -(CH2)5- or, 

especially. -(CH2)6- chain. X^ in these linkers is preferably a -CONH- 

25 group. Alki when present is preferably a -CH2-CH- chain. 

I 

Each hydrophilic hydrocarbon in the compounds of fomiulae (1) and (1a) 
is preferably attached to the terminal carbon atom of the hydrocarbon 
30 chain R^ distal to the chain carbon atom attached to the oligocation. 
Preferably the hydrophilic hydrocarbon and hydrocarbon chain are 
indirectly linked through a linker atom or group. Thus in one particular 
preference in compounds of formula (la) q is the integer 1 and p is the 
integer 1 or 2. 

35 

In compounds of this type and in general the group may preferably be 
an atom or group -X^-, -X^AIk^Xl- or [XiAlki]2XiAlk2xi-. Particularly 
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useful L3 groups include -NHCO-. -CONH-. -CONH(CH2)2NHCO-, or 
-[CONH{CH2)2-]2NCO(CH2)2CONH- groups. 

In general, the hydrophilic hydrocarbon, for example as represented by 
5 R7 in formula (1a) is preferably a synthetic polyol, a naturally occurring 
polyol such as mono- or disaccharide, or a poly(alkylene oxide) as 
defined herein. In particular may be a poly(alkylene oxide) or a 
derivative thereof, especially a poly(ethylene oxide). 

10 When linked to a targeting molecule, the compounds of formula (1) 
provide a group of targeted bipolar lipids which are particularly useful 
components of particles according to the invention. Such lipids form a 
further feature of the invention and we thus provide a targeted bipolar 
lipid comprising a compound of formula (1) as hereinbefore defined 

15 linked to one or more targeting molecules. In general the targeting 
molecule is preferably covalently linked to the compound of formula (1). 
The linkage point may be at any position in the compound of formula (1 ) 
provided that this does not adversely affect the binding and/or assembly 
properties of the bipolar lipids. The linkage may be achieved through 

20 appropriate functional groups in the targeting molecule and compound of 
formula (1) as described herein. 

A particular useful subset of targeted bipolar lipids according to the 
invention is that wherein the targeting molecule is covalently linked to the 
25 group in compounds of formula (1). Thus in a further aspect of the 
invention we provide a targeted bipolar lipid of formula (2): 

[TMML4)v^Rl]m-(Ll)n-0C (2) 

30 wherein TM, R'", m, L'', n. and OC are as defined previously, u is an 
integer 1 or 2,L^ Is a linker atom or group and v is zero or the integer 1 . 

Linker atoms or groups represented by include those atoms or groups 
described above in relation to 

35 

As indicated above each TM in compounds of formula (2) may be 
attached to any part of each R"^ group, but in one preferred arrangement 
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the TM is attached to the hydrophilic hydrocarbon portion of to provide 
a compound of formula (2a): 

rrM]u-(L^MR7]p-(L3)q.[R6]n,.(Ll)n-[-C(R2)(R3)(R4)] (2a) 

5 

wherein TM. u. L^^, v, R^, p. L^, q, R®, m. L^, n, R^, r3 and R"* are as 
defined previously. 

In general in the targeted bipolar lipids of this aspect of the invention the 
10 targeting molecule or TM [in compounds of formulae (2) and (2a)] is 
preferably an antibody or an antigen binding fragment or derivative 
thereof as defined herein. 

One targeting molecule or TM is preferably present in each molecule. 
15 Thus u in compounds of formulae (2) and (2a) is preferably the integer 1. 

When the targeting molecule or TM is indirectly linked to the remainder of 
the molecule through the linker (i.e. v is the integer 1 ) the latter may be 
an atom or group -(AlM)r(X'*)s(Alk2)t- as generally and particularly 
20 described above. Particularly useful groups include -NHC0(Alk2)t- 
groups [where the aminocarbonyl group is attached to Ri or R^], 

.NHCO(CH2)2-N J 

especially ^ groups. 

It will be appreciated that the meanings and preferences expressed in 
25 relation to the various groups in compounds of formulae (1) and (1a) 
apply equally well to those same groups when present in compounds of 
formulae (2) and (2a). 

The compounds of formulae (1), (1a), (2) and (2a) may generally be 
30 prepared by coupling appropriately functionalised starting materials in a 
predetermined order. Standard chemical coupling techniques may be 
employed utilising starting materials containing one or more reactive 
functional groups such as acids, thioacids. anhydrides, acid halides, 
esters, imides, aldehydes, ketones and amines. Illustrative reactions are 
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described in detail in the Examples hereinafter for the preparation of a 
number of compounds of formulae (1), (1a), (2) and (2a) and these may 
be readily adapted using different starting materials to provide covalently 
linked hydrophilic hydrocarbons, lipids, oligocations and targeting 
5 molecules. 

Thus in one general approach a homo- or heterobifunctional hydro- 
carbon chain may first be coupled to a hydrophilic hydrocarbon or 
oligocation and the resulting product coupled as necessary to the 
10 remaining component to provide for example a component HH-LP-OC. 

The homo- or heterobifunctional hydrocarbon chain may be any hydro- 
carbon chain described herein containing two different reactive functional 
groups of the types just described. Particularly useful groups include 
15 acids and thioacids and reactive derivatives thereof, and amines. These 
can be used to participate in acylation or thioacylation reactions to couple 
the hydrocarbon chain to an amine or acid as appropriate in any suitable 
hydrophilic hydrocarbon and/or cationic head. 

20 Acylation or thioacylation may be achieved using standard conditions for 
reactions of this type. Thus, for example the reaction may be canried out 
in a solvent, for example an inert organic solvent such as an amide, e.g. a 
substituted amide such as dimethylformamide. an ether, e.g. a cyclic 
ether such as tetrahydrofuran, or a halogenated hydrocarbon, such as 

25 dichloromethane, at a temperature from around ambient temperature to 
the reflux temperature, optionally in the presence of a base such as an 
amine, e.g. triethylamine, or a cyclic amine, such as 1,8- 
diazabicycloI5.4.0] undec-7-ene pyridine, dimethylaminopyridine, or N- 
methylmorpholine. 

30 

Where an acid is used the acylation may additionally be performed in the 
presence of a condensing agent, for example a diimide such as 1-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide or N,N'-dicyclohexylcarbodi- 
imide, advantageously in the presence of a catalyst such as a N-hydroxy 
35 compound e.g. a N-hydroxytriazoie such as 1 -hydroxybenzotriazole or a 
N-hydroxyimide such as N-hydroxysuccinimide. Alternatively, the acid 



wo 01/12154 



PCT/GBOO/03170 



24 

may be reacted with a chloroformate, for example ethylchloroformate. 
prior to reaction with the amine. 

In the heterobifunctionai hydrocarbon chain one of the reactive functional 
5 groups may need to be in a protected form prior to any coupling reaction 
to avoid its unwanted participation in the reaction. Similarly other 
functional groups when present in the hydrocarbon chain, or the 
intermediates used to generate the hydrophiiic hydrocarbon and/or the 
cationic head may need to be in a protected form before these reagents 
10 can be used. Conventional protecting groups may be used in 
accordance with standard practice [see. for example, Green, T. W. in 
"Protective Groups in Organic Synthesis", John Wiley & Sons, 1991 and 
the Examples hereinafter]. 

15 Suitable heterobifunctionai hydrocarbon chains are either known, readily 
available materials or may be obtained by synthesis using conventional 
techniques for example as described in the Examples hereinafter. Thus 
generally a heterobifunctionai hydrocarbon chain of any desired length 
may be synthesised in one or more reactions using appropriately 

20 functionalised shorter chains. Thus in one example a shorter chain 
aldehyde may be reacted with a shorter chain phosphonium salt to yield 
a longer chain olefin of the desired length. In this particular example the 
reaction may be carried out in the presence of a base, for example an 
organometallic base such as an organolithium compound, a hydride 

25 such as sodium or potassium hydride or an alkoxide such as a sodium 
alkoxide e.g. sodium methoxide. The reaction may be performed in a 
suitable solvent, for example a polar aprotic solvent such as an alkyi 
sulphoxide, e.g. dimethylsulphoxide at a low temperature, for example 
around O^C. The starting aldehyde and phosphonium salt may be 

30 obtained from known starting alcohols and halides respectively using 
conventional procedures. Where desired, the olefin obtained above may 
be hydrogenated using hydrogen and a catalyst, for example Pearlman*s 
catalyst, to yield the corresponding saturated hydrocarbon chain. 

35 Where it is desired to obtain hydrocarbon chains containing one or more 
heteroatoms or heteroatom-containing groups these may be synthesised 
from smaller chains containing functional groups which can be 
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chemically coupled, for example by acylation or thioacylation as 
generally described above. 

Suitable functionalised hydrophilic hydrocarbons or oligocations for 
5 coupling to the heterobifunctional hydrocarbon chain and/or targeting 
molecule are either readily available or may be synthesised from known 
materials by conventional methods for example as described in the 
Examples hereinafter. 

10 Where desired, the properties of the particle of the invention may be 
altered by varying the nature of the components and their relative 
proportions. Thus for example a particularly useful particle according to 
the invention comprises a targeting molecule (TM), hydrophilic 
hydrocarbon (HH), lipid (LP) and oligocation (OC) covalently linked in the 

15 sequence TM-HH-LP-OC. Such particles may contain one or more other 
components selected from HH-LP-OC, LP-OC and LP and optionally a 
co-lipid and in particular are present, especially when TM is a large 
molecular weight molecule such as an antibody or fragment or derivative 
thereof, such that the percentage of TM-HH-LP-OC in the particle is in the 

20 range 0.01 to 4mol% of the total lipid content of the particle. 

Particularly useful particles of these types are those containing a TM4HH- 
LP-OC component, a first HH-LP-OC component and optionally a second 
HH-LP-OC component in which the hydrophilic hydrocarbon differs from 

25 that present in the first component and is a polyether as generally and 
particularly described herein. Particles of these types in which an 
additional lipid component, such as a co-lipid, LP or LP-OC is present are 
especially useful. In these particles the TM-HH-LP-OC component is 
preferably a compound of formulae (2) or (2a) as herein described. 

30 Where desired a co-lipid may additionally be present in these particles. 

When in use each particle according to the invention will in general be 
assembled with one or more multipolar lipids, targeting molecules, 
polyanions and any additional components such as co-lipids in a weight 
35 ratio of around 0.1:1 to around 100:1, for example around 1:1 to around 
50:1, e.g. 20:1 of multipolar lipid, targeting molecule and any additional 
components to polyanion. The particles may be formed as liquids, by 
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initially mixing the targeting, multipolar lipid and any additional 
components with the polyanion advantageously in an aqueous solvent 
using conventional procedures. Where desired the solvent may be 
removed, for example by lyophilisation, to obtain a solid lipid complex. 

5 

The particles according to the invention may be put to any in vitro, ex vivo 
or in vivo use depending on the nature of the polyanion and any 
extraneous compounds and/or complexes assembled with them. Where 
the polyanion and/or extraneous material is a pharmaceutical agent the 

10 particle is of use as a targeted delivery agent in medicine and the 
invention extends to a method of treatment of a human or animal subject, 
the method comprising administering to the subject an effective amount 
of a particle described above, the products described herein for use as a 
medicament and the use of the products described herein in the preparation 

15 of a medicament for treating conditions described hereinafter. 

In particular in this aspect of the invention the particle may be associated 
with one or more nucleic acids as described previously. The exact 
amount of particle to be used will depend on the age and condition of the 

20 patient, the nature of the disease or disorder and the route of 
administration, but may be detemiined using conventional means, for 
example by extrapolation of animal experiment derived data. In 
particular, for ex vivo use the number of transfected effector cells required 
may be established by ex vivo transfection and re-introduction into an 

25 animal model of a range of effector cell numbers. Similarly the quantity 
required for in vivo use may be established in animals using a range of 
concentrations of polyanion or extraneous material.. 

The particle according to the invention may be useful in the treatment of a 
30 number of diseases or disorders. Such diseases or disorders may 

include those described under the general headings of infectious 

diseases, e.g. HIV infection; inflammatory disease/autoimm unity e.g. 

rheumatoid arthritis, osteoarthritis, inflammatory bowel disease; cancer; 

allergic/atopic diseases e.g. asthma, eczema; congenital e.g. cystic 
35 fibrosis, sickle cell anaemia; dermatologic, e.g. psoriasis; neurologic, e.g. 

multiple sclerosis; transplants e.g. organ transplant rejection, graft- 

versus-host disease; metabolic/idiopathic disease e.g. diabetes. 
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The lipid particles according to the invention may be formulated with 
other materials such as one or more pharmaceutically acceptable 
carriers, excipients or diluents and the invention extends to such 
compositions. The compositions may take any other supermolecular 
5 form suitable for oral, buccal, parenteral, nasal, topical or rectal 
administration, or a form suitable for administration by inhalation or 
insufflation. 

For oral administration, the compositions may take the form of, for 
10 example, tablets, lozenges or capsules prepared by conventional means 
with pharmaceutically acceptable excipients such as binding agents (e.g. 
pregelatinised maize starch, polyvinylpyrrolidone or hydroxypropyl 
methylcellulose); fillers (e.g. lactose, microcrystalline cellulose or calcium 
hydrogen phosphate); lubricants (e.g. magnesium stearate, talc or silica); 
15 disintegrants (e.g. potato starch or sodium glycollate); or wetting agents 
(e.g. sodium lauryl sulphate). The tablets may be coated by methods well 
known in the art. Liquid preparations for oral administration may take the 
form of, for example, solutions, syrups or suspensions, or they may be 
presented as a dry product for constitution with water or other suitable 
20 vehicle before use. Such liquid preparations may be prepared by 
conventional means with pharmaceutically acceptable additives such as 
suspending agents, emulsifying agents, non-aqueous vehicles and 
preservatives. The preparations may also contain buffer salts, flavouring, 
colouring and sweetening agents as appropriate. 

25 

Preparations for oral administration may be suitably formulated to give 
controlled release of the active compound. 

For buccal administration the compositions may take the form of tablets or 
30 lozenges formulated in conventional manner. 

The particles of the invention may be formulated for parenteral 
administration by injection, including bolus injection or infusion or particle 
mediated injection. Formulations for injection may be presented in unit 
35 dosage form, e.g. in glass ampoule or multi dose containers, e.g. glass 
vials or a device containing a compressed gas such as helium for particle 
mediated administration. The compositions for bolus injection or infusion 
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may take such forms as suspensions, solutions or emulsions in oily or 
aqueous vehicles, and may contain formulatory agents such as 
suspending, stabilising, preserving and/or dispersing agents. 
Alternatively, the complex may be in powder form for constitution with a 
5 suitable vehicle, e.g. sterile pyrogen-free water, before use. For particle 
mediated administration the complex may be coated on particles such as 
microscopic gold particles. 

In addition to the formulations described above, the particles may also be 
10 fomiulated as a depot preparation. Such long acting formulations may be 
administered by implantation or by intramuscular injection. 

For nasal administration or administration by inhalation, the particles may 
be conveniently delivered in the form of an aerosol spray presentation for 
15 pressurised packs or a nebuliser, with the use of suitable propellant, e.g. 
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoro- 
ethane, carbon dioxide or other suitable gas or mixture of gases. 

The particles may, if desired, be presented in a pack or dispenser device 
20 which may contain one or more unit dosage forms containing the active 
ingredient. The pack or dispensing device may be accompanied by 
instructions for administration. 

The quantity of particle required for any particular application will to a 
25 large extent depend on the nature of the polyanion and/or extraneous 
material being delivered. Another important factor will include whether 
the particle is intended for in vitro or in vivo use. If the latter, the route of 
administration and particular formulation chosen as well as factors such 
as the age and condition of the subject will govern the quantity of particle 
30 used. In general however up to around 50 mg of particle can be used for 
every kilogram of body weight. 

The following Examples illustrate the invention. These have been 
divided into sections for ease of understanding as follows: 

35 
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SECTION 1 

This describes the preparation of various bipolar lipids for use in the 
particles of the invention. The section is divided into: 

5 

Intermediates 

Section 

B. Polyamine Intermediates 

C. Disugar intermediates 

10 D. Long Chain Amino Acid Syntheses 
E. Lipid Polyamines 
R Glycolipid Syntheses 

G. Two Lipid Chain Syntheses 

15 Lipids 

Section 

H, Carbohydrate Lipid Tetramines and Hexamines 
L PEG Lipids 

20 Compounds are referred to throughout the text by their Section 
numbering B1. B2, B3..,.etc. 

SECTION 2 

This describes the preparation of functionalised lipids suitable for the 
25 attachment of a targeting molecule. 

SECTION 3 

This describes the prepration of targeted bipolar lipids according to the 
invention. 

30 

SECTION 4 

This describes the preparation of particles of the invention and their use 
as delivery agents. 
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Throughout the Examples the following abbreviations are used: 

BOC - t-butoxycarbonyl; THF - tetrahydrofuran; 

DCM - dichloromethane; DMF - dimethylformamide; 

5 EDC - 1 -(S-dlmethylaminopropyO-S-ethylcarbodiimide; 

TFA - trifluoroacetic acid; DMSO - dimethylsulphoxide; 

LDA - lithium dilsopropylamide; HOBt - l-hydroxybenzotriazole; 
PDC - pyridinium dichromate; DMAP - 4-dimethylaminopyridine; 
DBU - 1 .8-diazabicyclo[5.4.0]un-dec-7-ene; 
10 CBZ - benzyloxycarbonyl; NHS - N-hydroxysuccinimide; 

PEG - poly(ethyleneglycol); MAL - maleimide; 

Me - CH3; Ph - phenyl; Ar - aryl; Ac - acetate; 

Bn - benzyl; tic - thin layer chromatography 

15 

SECTION 1 

B. POLYAMiNE INTERMEDIATES 
This section contains the syntheses of: 

20 BOC PROTECTED TETRAMINE 

(B8) Af-(t*Butyioxycarbonyl)-Af-(t-butyloxycarbonylaminobutyl)- 
2-[t-butyioxycarbonylamfnobutyl(t-butyloxycarbonyl)- 
aminomethyl]octane *1|8-diamine 




BOC PROTECTED HEXAMINE 

(B16) 11-Aminohexyl-4,9,13,18-fefrailr/5(t-butyloxy- 
30 carbonyl)-4,9,1 3,1 8-tetraazaeicosane-1, 21 -diamine 



^2^.^ N,..^ NHBOC 



SIJ^P-^N"'^ NHBOC 
BOC 
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BOC PROTECTED DIMETHYLATED HEXAMINE 
(B21) iV-[Methyl(t-butyloxycarbonyl)aminopropyl(t-butyloxy- 
carbonyl)aminobutyl(t-butyloxycarbonyl)]-2-[methyl(t- 
butyloxycarbonyl)aminopropyl(t-butyloxycarbonyl)- 
amino butyl(t-butyloxycarbonyl)aminoniethyl]-1,8- 
octanediamine 



Boc Boc^ NMeBoc 



10 



BOC PROTECTED TETRAMINE 

(B1) 1-Benzyloxy-6-chlorohexane. 



Ph^ 0,s*.'^>s-^"v^ CI 

15 

To a stirred solution of 6-chloro-1-hexanol (15.0 g, 0.110 mol) and benzyl 
bromide (18.8 g, 0.110 mbl) in dry THF (200 ml) at room temperature 
under argon was slowly added (over 30 min.) sodium hydride powder 
(2.899 g, 0.121 mol). The solution was left overnight and the solids 

20 filtered off. The solvent was removed under reduced pressure, the 
residues taken up into dichloromethane (100 ml) and washed (2 x 20 ml 
water). The solution was dried over MgS04 and the solvent removed to 
yield an orange oil which was subsequently distilled (ISO^'G, 0.5 mBar) to 
yield th e title compound (17.5 g, 70%) as a colourless oil. C13H19OCI 

25 requires 226. Found DCI: MNH4*. 244, 5H(CDCl3) 1.49 (4H, m, 
(CH2)2(CH2)2CI). 1.70 (2H, p, CH2CH2O), 183 (2H, t, CH2CH2CI), 3.54, 
3.56 (4H, 2xt. CH2CH2O. CH2CI), 4.56 (2H, s. CH2Ph). 7.40 (5H. m, Ph). 
6C (CDCI3) 26.3 (1C, CH2(CH2)2CI), 26.4 (1C, CH2{CH2)3CI), 29.3 (1C, 
CH2(CH2)20), 32.3 (1C, CH2CH2CI). 44.8 (1 C, CH2CI), 69.9. 72.6 (2C, 

30 CH2O). 127.2 (1C, CH{CH2)2C). 127.3 (2C. CHC). 128.1 (20, CHCHC). 
138.4 (1C. CCH2O). 
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(B2) Diethyl 2-(benzyloxyhexyl)malonate 




OEt 



OEt 



O 



To sodium metal (1.32 g, 0.0573 mol) dissolved in dry ethanol (150 ml) 
5 under argon at room temperature was added diethyl malonate (14.13 g. 
0.088 mol) over a period of 10 minutes and the solution left for 2 hours. 
B1 (10.0 g, 0.044 mol) was then added dropwise over 2 hours and this 
solution heated at reflux overnight. Excess salts were quenched by the 
addition of 50 ml of water and the total solvent volume reduced to 50-100 

10 ml. Diethyl ether (100 ml) and water (50 ml) were added and the 
aqueous layer extracted 3 times with diethyl ether. The organic fractions 
were combined, dried (K2CO3), and the solvent removed to yield the 
crude product as a yellow oil. Distillation of the oil (0.5 mBar. 220''C) 
gave the title compound (10.52 g. 68%) as a colourless viscous oil. 5H 

15 (CDCI3) 1.32 (6H, t, Me). 1.43 (6H, br s. (CH2)3CH2CH), 1.69 (2H. p, 
CH2CH2O). 1.99 (2H, q, CH2CH), 3.39 (1H, t, CH). 3.53 (2H, t. 
CH20CH2Ph), 4.25. 4.28 (4H, 2 x q. 0CH2Me), 4.57 (2H. s, CH2Ph). 7.3- 
7.4 (5H. m, Ph). 5C (CDCI3) 13.9 (2 C. Me), 25.7 (1 C, CH2(CH2)2CH), 
27.1 (1 C, CH2(CH2)20), 28.5 (1 C, CH2CH2CH). 28.9 (1 C. CH2CH2O). 

20 29.5 (1 C. CH2CH). 51.8 (CHC02Et). 61.0 (2C, 0CH2Me), 70.1, 72.7 
(2C, CH2OCH2). 127.3 (1C. CH(CH)2C). 127.4 (2C, CHC), 128.1 (2C. 
CHCHC), 138.5 (1C, CCH2O) 169.3 (2C. CO2). 

(B3) A/,/V'-fr/s(Aminobutyl)-2-(benzyloxyhexyl)malonam!de 



To a large excess of 1,4-diaminobutane (85 g, 0.964 mol) at 90°C under 
argon was slowly added (over 2 hours) B2 (10.50 g. 0.030 mol). The 
solution was heated at dO'^C overnight and the excess diamine distilled 
30 off under reduced pressure (0.1 mBar. 28°C) to quantitatively yield the 
title compound as a pale yellow low melting point solid. C24H42N4O3 
requires 434. Found DCI: M^^+l 435. I.R. 1664 cm"'' (CO2). 5H 
(CDCI3) 1.15-1.40 (10H, brm, (CH2)3CH2CH. NH2), 1.40-1.60 (1 OH. br 



25 
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m. (CH2)2CH2NH2. CH2CH2O), 1.76 (2H. q, CH2CH). 2.63 (4H. t. 
CH2NH2). 2.93 (2H. t. CH2CH). 3.16 (4H, q. CH2NH). 3.37 (2H. t. 
CH20CH2Ph), 4.42 (2H, s. CH2Ph), 7.26 (5H, m, Ph). 7.61 (2H, t. CONH). 
5C (CDCI3) 25.7 (1C. CH2(CH2)2CH). 26.6 (2C. CH2CH2NH2). 28.8, 
5 29.4 (2C, CH2CH2CH, CH2CH2O), 30.6 (2C. CH2CH2NH). 32.7 (1C. 
CH2CH), 39.0 (2C. CH2NHCO). 41.4 {2C. CH2NH2), 54.7 (1C, CHCO). 
70.1. 72.6 (2C. CH2OCH2). 127.2 (1C, CH(CH)2C), 127.3 (2C. CHC), 
128.0 (2C, CHCHC), 138.5 (1C. CCH2O). 171.0 (2C. CONH). 

10 (B4) Ar,iV'-6/s(Aminobutyl)-2-benzyloxyhexyl-1,3- 
propanediamine 




To B3 (0.430 g, 0.989 mmol) under argon was added an excess (25 ml) 

15 of 1.0 M BH3-THF, and the solution heated at 85°C overnight. Excess 
borane was slowly quenched with methanol (10 ml) and the solvents 
removed under reduced pressure. The residues were taken up into 0.1 
M HCI (100 ml), heated at 60**C for 1 hour, and the. solvent removed 
under reduced pressure. The residues were entrained with methanol (4 

20 X 20 ml), and the tetraamlne hydrochloride salt taken up into water (30 
ml). The solution was basified to pH~14 with sodium hydroxide and 
exhaustively extracted with dichloromethane. The organic fractions were 
combined, dried (K2CO3), and the solvent removed to yield the title 
compound (0.352 g, 88%) as a pale yellow oil / gum. C24H46N4O 

25 requires 406. Found DCI: M++1, 407. 6H(CDCl3) 1.0-1.6 (25H. br 
m. CH(CH2)5. NH, NH2. (CH2)2CH2NH2). 2.2-2.6 (12H. br m. CH2N), 
3.28 (2H, t. CH20CH2Ph). 4.31 (2H. s. CH2Ph). 7.14 (5H. m. Ph). 
8C (CDCI3) 25.3 (1C, CH2CH2CH), 26.2 (1C, CH2(CH2)2CH), 26.6 (2C, 
CH2CH2NH2). 28.9 (2C. CH2(CH2)2CH2CH), 30.7 (3 C. CH2CH2NH, 

30 CH2CH2O), 37.6 (1C, CH), 41.2 (2C, CH2NH2). 49.3 (2C, 
(CH2)3CH2NH), 53.5 (2C, CHCH2NH). 69.5, 71.9 (2C. CHgOCHj). 126.5 
(1C. CH(CH)2C), 126.6 (2C, CHC), 127.4 (2 C, CHCHC), 137.8 (1C. 
CCH2O). 

35 
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(B5)/V,Ar'-li/5(t-Butyloxycarbonyl)-Af-[2-t-butyloxycarbonyl- 

aminobutyl(t-butyloxycarbonyl)aminomethyl]benzyloxyoctyl- 

1,4-cliaminobutane. 

^25^ NHBoc 

5 NHBoc 

B4 (10g, 24.6mmol) was dissolved in aqueous sodium hydroxide (100ml, 
2M). To this solution was added f-butyldicarbonate (27g, 123.3mmoi) 
portionwise with stirring at room temperature. The reaction was stirred 
overnight , water added and the aqueous phase extracted with ethyl 

10 acetate. The combined organic extracts were washed with water, brine, 
dried & evaporated to give the crude product. Chromatography (silica - 
20% ethyl acetate in hexane) gave the title compound as a glass (11g, 
55%). C44H78N4O9 requires 806. Found DCI: 807.8. 6H 

(CDCI3) 7.74(5H, m. ArH). 4.49 (2H. s, CH2Ar). 3.45(2H, t. 

15 CH20CH2Ph), 2.9-3.3 (12 H. m. CW2N). 1.95 (1H,brm.CH2CH(CH2)2 ), 
1.2-1.7 (52H.m.CH2 ). 



(86) 8-[t-Butyloxycarbonylaminobutyl(t-butyloxycarbonyl)- 
20 amino]-7-[t-butyloxycarbonylaminobutyl(t-butyloxy- 
carbonyl)aminomethyl]octanol 

NHBoc 
NHBOC 

To B5 (11g) in methanol (70ml) under argon was added palladium on 
25 carbon catalyst (1g). The stirred suspension was put under a hydrogen 
atmosphere for two days at atmospheric pressure and room temperature. 
The mixture was filtered through Celite which was washed with 
dichloromethane. Evaporation yielded the title compound (9.67g. 87%) 
which was used for the next stage without purification. 
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(B7) 8-[t-Butyloxycarbonylaminobutyl(t-butyloxycarbonyl)- 
amino]-7-[t-butyloxycarbonylaminobutyl(t-butyloxy- 
carbonyl)aminomethyl]octyl methanesulphonate 



Methanesulphonyl chloride (1.25ml. 16.21mmol) was added to a stirred 
solution of B6 (9.67g, 13.5mmol) in dry dichloromethane (100ml) 
containing triethylamine (2.82ml, 20.26mmol) at O'C. The flask was 
stirred at O'C for Ihr, then overnight at room temperature. The solvent 
was removed and the residue chromatographed (silica - 50% ethyl 
acetate in hexane) to yield the title compund (8.5g. 79%. C38H74N4O11S 
requires 794. Found DCI: M^'+l, 795.6. 6H(CDCl3) 3.45(2H. t, 
CH2O), 2.9-3.3 (12H, m. CH2N). 2.99 (3H. s. MeS). 1.95 (1 
H,brm,CH2CH(CH2)2 ), 1.2-1.8 (50H.m,CH2 ). 

(88) Af-(t-Butyloxycarbonyl)-A/-(t-butyloxycarbonylaminobutyl)- 
2-[t-butyloxycarbonylaminobutyl(t-butyloxycarbonyl)- 
ammomethyl]octane -1,8-diamine 



Sodium azide (2.05g, 31.6mmol) was added to a stirred solution of B7 
(8.36g, 10.53mmol) in dry DMF (35ml) at room temperature. The reaction 
was stirred for 48hr and water added. The aqueous solution was 
extracted with ethyl acetate. The organic phase was washed with brine, 
dried (MgS04) and evaporated to dryness. The product was 
chromatographed (silica - up to 50% ethyl acetate in hexane) and the 
resulting azide was dissolved in methanol (100ml) under argon and 
palladium on charcoal added. The atmosphere was changed to 
hydrogen and the reaction stirred overnight. The catalyst was filtered off 
and the product chromatographed (silica - up to 20% methanol in 
dichloromethane containing triethylamine to yield the title compound 




NHBoc 
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(4.5g). C37H73N5O8 requires 716.55. Found DCI: M*+1. 716.7. 6H 
(CDCI3) 4.71(2H, br, NHBoc), 2.95-3.3(12H, m. CH2N), 2.85 (2H. br, 
NH2), 2.75 (2H. t. CH2NH2). 1.95 (1H.brm.CH2CH(CH2)2 ). 12-1.7 
(54H.m,CH2 ). 



BOC PROTECTED HEXAMINE SYNTHESIS 
(B9) /V,A/-/)/s(p-Methoxyphenylsulphonyl)-iV-{2-[p-methoxy- 
phenyisulphonylaminobutyl(p -methoxyphenyl- 
10 suiphonyl)aminomethyl]benzyloxyoctyl>-1,4-butane- 
diamine 



Ts- I*" 

To B4 (301 mg, 0.740 mmol) and triethylamine (749 mg, 7.40 mmol) in 

15 dry THF (30 ml) under argon at -50°C was slowly added p- 
methoxybenzenesulphonyl chloride (627 mg, 3.03 mmol). The solution 
was allowed to slowly warm to room temperature and left overnight. The 
product (tic r.f. 0.7, 2% methanol In dichloromethane) was purified by 
gradient alumina column chromatography (0-2% methanol in 

20 dichloromethane) to yield the title compound (610 mg, 76%) as a 
colourless gum/solid. 6H (CDCI3) 1.15-1.70 (18 H, br m, (CH2)5CH20, 
(CH2)2CH2NH). 2.00 (1H. t, CH). 2.75-3.15 (12H. br m. CH2N), 3.45 (2H, 
t. CH20CH2Ph). 3.81. 3.84 (12H. 2 x s. OMe), 4.47 (2H. s. CH2Ph), 5.25 
(2H, t. NH), 6.92. 6.97 (8H. 2 x d. CHCSO2). 7.29 (5H, m, Ph). 7.69. 7.76 

25 (8H. 2 X d. CHCOMe). 5C (CDCI3) 25.2-26.2 (5C, CH(CH2)5). 29.2. 29.3 
(4C. (CH2)2CH2NH), 36.0 (1C. CH). 42.1 (2C, CH2NH). 48.8 (2C. 
(CH2)3CH2NH), 51.2 (2C, CHCH2N), 55.2 (4 C, OMe), 70.0, 72.3 (2 C, 
CH2OCH2), 113.8, 114.0 (8C, CHCSO2). 127.0, 127.2, 127.9 (50. Ph), 
128.7, 128.9 (80, CHOOMe). 129.8. 131.0 (40, OSO2), 138.2 (10, 

30 COH2O). 162.3. 162.6 (4 0. COMe). 
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(BIO) 



11-Benzyloxyhexyl*4,9,13,18*fefraAr/s(p-toluene- 
sulphonyl)-4,9,13,18'-tetraazaeicosane-1,21-dinitrile 




Ts* 



15^ 
Ts* 



CN 



CN 



10 



15 



20 



25 



To B9 (588 mg, 0.541 mmol) and mesh potassium carbonate (523 mg, 
3.784 mmol) in 20 ml of dry DMF under argon was added freshly distilled 
acrylonitrile (95 mg, 1.787 mmol) and the reaction left stirring at room 
temperature for 3-4 days. T.Lc (alumina 2% MeOH in CH2CI2) indicated 
the presence of two compounds r.f 0.9 and 0.8, later shown to be the 
desired di-nitrile and the mono-nitrile respectively. Gradient alumina 
column chromatography (as for B9) yielded the title compound as a 
colourless gum / solid in 52% (337 mg ) yield. C58H76N5O13S4 requires 
1193 Found ES+: MNa* 1216. 6H(CDCl3) 1.15-1.40 (8H. br m, 
CH(CH2)4), 1.40-1.70 (10H, br. (CH2)2CH2N. CH2CH2O), 2.02 (1 H, t, 
CH). 2.63 (4H. t. CH2CN). 2.80-3.16 (12H, br m. CHgN). 3.24 (4H, 
t CNCH2CH2N), 3.47 (2 H, t, CH20CH2Ph). 3.81, 3.82 (12H, 2 x s, 
OMe). 4.46 (2H. s. CH2Ph), 6.95. 6.96 (8 H, 2 x d. CHCSO2), 7.29 (5H, 
m, Ph). 7.69, 7.70 (8 H, 2 x d. CHCOMe). 5C (CDCI3) 18.9 (2C, 
CH2CN), 25.3-28.3 (5C. CH(CH2)5). 29.6. 29.7 (4C, (CH2)2CH2N). 36.4 
(1C, CH), 44.5 (2C, CNCH2CH2). 48.7 (2C. CH2N(CH2)2CN), 49.0 (2C, 
CH2NCH2CH), 51.5 (2C. CHCH2N). 55.5 (4C. OMe). 70.3, 72.7 (2C, 
CH2OCH2). 114.2, 114.4 (8C. CHCSO2), 117.7 (2C, CN). 127.3. 127.5. 
128,2 (5C. Ph). 129.2 (8C. CHCOMe), 129.5, 130.2 (4C, CSO2). 138.5 
(1C, CCH2O), 162.7, 163.0 (4C. COMe). 

(811) 11-Benzyloxyhexyi-4,9J3,18-refraii:/5(p-toluene- 
sulphonyl)-4|9,1 3, 18-tetraazaeicosane-1, 21 -diamine 



To BIO (337 mg, 0.282 mmol) under argon was added an excess (30 ml) 
of 1.0 M BH3-THF, and the solution heated at 85*^0 overnight. Excess 
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borane was slowly quenched with methanol (10 ml) and the solvents 
removed under reduced pressure. The residues were taken up into 0.1 
M HCI (100 ml), heated at 60*^0 for 1 hour, and the solvent removed 
under reduced pressure. The residues were entrained with methanol (4 
5 X 20 ml), and the hydrochloride salt taken up into water (30 ml). The 
solution was basified to pH>14 with sodium hydroxide and exhaustively 
extracted with dichloromethane. The organic fractions were combined, 
dried (K2CO3), and the solvent removed to yield the title compound (285 
mg, 84%) as a colourless gum / solid. C58H84N6O-13S4 requires 1201. 

10 Found ES+: MH+ 1202 . 5H(CDCl3) 1,2-1.7 (26H, br m. CH(CH2)5, 
CH2(CH2)2CH2N, CH2CH2NH2), 2.20 (1H, t. CH), 2.70 (4H, t, CH2NH2), 
2.85-3.35 (16H. br m, CH2N), 3.50 (2H, t. CH20CH2Ph), 3.86. 3.88 (12H. 
2 x s, OMe), 4.52 (2H. s, CH2Ph), 6.99, 7.02 (8 H. 2 x d, CHCSO2), 7.75, 
7.76 (8H. 2 x d, CHCOMe). 5C (CDCI3) 25.1-26.2 (5C. CH(CH2)5), 29.4, 

15 29.6 (4C, CH2(CH2)2CH2N), 32.0 (2C, CH2CH2NH2), 36.2 (1C, CH), 
38.8 (2C, CH2NH2), 45.9 (2C, CH2{CH2)2N H2), 47.7 (2C. 
CH2N(CH2)3NH2). 48.7 (2C. CHCH2NCH2). 51.1 (2C, CHCH2N), 55.3 
(4C. OMe), 70.1. 72.5 (2C. CH2OCH2). 113.9. 114.0 (8C, CHCSO2). 
127.1-127.3, 128.0 (5C. Ph), 128.8. 129.0 (8C. CHCOMe), 130.2. 130.7 

20 (4C, CSO2). 138.5 (1C. CCH2O), 162.4. 162.5 (4C, COMe). 



(B12) 8-(Aminopropyiamlnobutylamino)-7-(aminopropyl- 



To B11 (743 mg, 0.618 mmol) in THF (30 ml) and ethanol (2 ml) at -78°C 
was condensed liquid ammonia (75 ml). To this was then added 300 mg 
of lithium metal (turned blue), and the solution stirred for 2 hours. The 
30 solution was then allowed to slowly warm to room temperature overnight, 
boiling off the ammonia as it did. Ethanol (2 ml) followed by water (70 
ml) were added to the now yellow solution and the organic solvents 
removed under reduced pressure. The pH of the remaining aqueous 
solution was lowered to 2 (concentrated HCI), washed (4 x 20 ml) with 



aminobutylaminomethyl)octanol 




H ^ 



HO. 



" H 
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diethyl ether, and basified to pH 10-12 (NaOH). The solvent was removed 
to yield the title compound in the presence of a large excess of salts. This 
material was used for the next step without purification 

5 

(B13) 8-[t-Butyloxycarbonylaminopropyl(t-butyloxy- 
carbonyl)aminobutyl (t-butyloxycarbonyl)amino]-7-[t- 
butyloxycarbonylaminopropyl(t-butyloxycarbonyl)- 
aminobutyl (t-butyloxycarbonyl)aminomethyl]octanol 



HO. 




NHBOC 
NHBOC 



To B12 dissolved in methanol (5 ml) was added 10 equivalents of 
ditertbutyl dicarbonate (1.349 g. 6.183 mmol) and the solution left 
overnight. The solvent was removed, the residues taken up into water 

15 (20 ml), and extracted with dichloromethane (5 x 30 ml). The organic 
fractions were combined, dried (K2CO3), and the solvent removed to 
yield a pale yellow gum. Purification required alumina column 
chromatography (0 - 3% methanol in dichloromethane) to yield the 
desired BOC protected title compound (alumina tic r.f, 0.7. 5% methanol 

20 in dichloromethane) as a colourless gum (281 mg, 44%). 
C53H102N6O13 requires 1031. Found ES+: MH+ 1032, ES-: M- 1031. 
MCI- 1066. 5H(CDCl3) 1.1-2.0 (77H, br m. C(Me)3. CH(CH2)5, 
CH2(CH2)2CH2N. CH2CH2NH), 2.7-3.4 (20H, br. CH2N), 3.53 (2H, t, 
CH2O), 5.26. 5.45 (2H. br. NHBOC). 6C (CDCI3) partial 43.5. 46.5, 48.9 

25 (IOC, CH2N). 62.1 (1C, CH2OH), 78.5, 79.1 (6C, C(Me)3), 155.3. 155.7 
(6 C. CO). 
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(B14) 8-[t-Butyloxycarbonylaminopropyl(t-butyloxycarbonyl)- 
aminobutyl (t-butyloxycarbonyl)amino]-7-[t-butyloxy- 
carbonylaminopropyl(t-butyloxycarbonyl)ammobutyl 
(t-butyloxycarbonyl)aminomethyl]octyl methane* 
5 sulphonate 



20 



MsO 



N""^ NHBOC 
BOC 



To B13 (555 mg. 0,538 mmol) and triethylamine (163 mg, 1.614 mmol) in 
dry dichloromethane (20 ml) at -20 ""C under argon was added mesyl 

10 chloride (124 mg, 1.076 mmol) dropwise in dichloromethane (5 ml) over 
a period of 30 minutes. The solution was allowed to warm to room 
temperature and left overnight. The solvent was removed to 
quantitatively yield the title compound , tic r.f. 0.35 (5% methanol in 
dichloromethane on alumina). 5H(CDCl3) 1.1-2.0 (77H, br m, C(Me)3, 

15 CH(CH2)5. CH2(CH2)2CH2N. CH2CH2NH). 2.7-3.4 (20H. br. CH2N), 
3.01 (3H. s. MeS), 4.18 (2H, t, CH2O), 5.26, 5.45 (2H, br. NHBOC). 5C 
(CDCI3) partial 38.4 (MeS), 43.5, 46.5, 48.9 (IOC. CH2N). 69.3 ( C, 
CH20)78.5. 79.1 (6C. C(Me)3). 155.3. 155.7 (6C, CO). 



(B15) 11-A2idohexyl-/V,W',4,9,13,18-hexa(t-butyloxycarbonyl)- 
4,9,1 3,1 8-tetraaza-1, 21 -eicosanediamine 




poc 

NHBOC 



K^cC^N'"^ NHBOC 
BOC 



25 To the crude mesylate B14 in dry DMF (15 ml) under argon was added 
excess sodium azide (600 mg) and the solution / suspension stirred 
overnight. The volume was reduced to approximately 5 ml and added to 
70 ml of water. This aqueous phase was extracted with ethyl acetate (10 
X 30 ml) and the organics combined, dried (MgS04) and the solvent 

30 removed to yield the title compound as a pale yellow gum (570 mg, 
100%). I.R. 2095 cm-'^ (N3). C53H101N90 12 requires 1056. Found 
ES+: MH* 1057. MNa* 1079. 5H(CDCl3) 1.1-2.0 (77H. br m, C(Me)3, 
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CH(CH2)5, CH2(CH2)2CH2N, CH2CH2NH). 2.7-3.4 {20H, br, CH2N), 
3.31(2H. t. CH2N3). 5.26. 5.45 (2H. br. NHBOC). 6C {CDCI3) partial 
43.5. 46.5, 48.9 (10C. CH2N). 51.3 (1C. CH2N3). 78.5. 79.1 (6C. 
C(Me)3). 155.3. 155.7 (6C. CO). 



5 



10 



25 



(B16) 11-Aminohexyl-4,9,13,18-to(raAr/s(t-butyloxycarbonyl)- 
4,9,13,18-tetraazaeicosane-1,21-cliamme 



90c 



poc 



. N,^^ NHBOC 
^5c^N^ NHBOC 



BOC 

To B15 (134 mg. 0.127 mmol) in methanol (15 ml) was added 10% Pd/C 
(40 mg) and the suspension stirred overnight under an atmosphere of 
hydrogen. Removal of the catalyst by filtration through Celite followed by 
removal of the solvent gave the desired title compound as a colourless 

15 gum in quantitative yield (131 mg). C53H103N7O12 requires 1030. 
Found ES+: MH* 1031. MHNa2+ 527. 5H (CDCI3) 1.1-2.0 (79H, br m. 
NH2. C(Me)3, CH(CH2)5, CH2(CH2)2CH2N. CH2CH2NH). 2.7-3.4 (22H. 
br. CH2N). 5.26. 5.45 (2H, br. NHBOC). 5C (CDCI3) partial 39.8 (1C, 
CH2NH2), 43.5, 46.5. 48.9 (IOC. CH2N), 78.5. 79.1 (6C. C(Me)3). 155.3. 

20 155.7 (6C. CO). 

BOC PROTECTED DIMETHYLATED HEXAMINE 
(BIT) iV,Ar'-liis(t-Butyloxycarbonylaminopropanoyl- 
aminobutyi)-2-(benzyloxyhexyi)malonamide 



■J^-s.^ NHBoc 
Phs^ 0,.^.^Ns.,/^v^xv/' O 

O^ N>-^^x^ ^X, , 

H P NHBoc 



To a solution of BOC-p-alanine (2.5g, 13.22mmol) in dry 
dichloromethane (20ml) was added N-methylmorpholine (1.6ml, 
14.55mmol) followed by N-hydroxysuccinimide (91.67g, 14.55mmol). 
30 The flask was left stirring at 20'C for 5 mins under argon before adding 
EDC (2.79g. 14.55mmol). The reaction was stirred overnight. Tic showed 
that all the acid had been converted to the active ester. A solution of the 
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B3 (2.86g, 6.61 mmol) and triethylamine (4.6ml, 33.05mmol) in 
dichloromethane was added and the reaction stirred for 1hr. A 
precipitate formed. The product was purified by chromatography (silica - 
5-10% methanol in dichloromethane) to give the title compound as a 

5 glass (2.31 g, 46%). The product on Tic is green when sprayed with 
ninhydrin and contains bis-BOC-1,4-diaminobutane, an impurity in the 
starting material. C40H60N6O9 requires 776.5. Found ES: M*+1 777,6. 
5H(CDCl3) 7.31 (5H, m. P/jCHjO), 4.47 (2H. s. PhCH20). 3.45 (2H. t. 
PhCH20CH2 ). 3,4-3.1 (12H. dm, CH2N), 3.02 (1H. t, CHR3), 2.34 (4H. t, 

10 COCH2), 1.9-1.2 (26H, m. CH2 + Me). 



(B18) 13-Benzyloxyhexyl-2,6,11,15,20,24-hexa(t-butyloxy- 
carbonyl)-2,6,11,15,20,24-hexaazapentacosane 




Boc 

NMeBoc 



Boc NMeBoc 



15 Boc 

817 (15.36g, 15.36mmol) was suspended in THF (240ml) and borane 
methylsulphide complex (10M. 32ml, 320mmol) in THF (50ml) added 
dropwise. Hydrogen was evolved and the tetraamide dissolved over 
Ihr. The reaction was refluxed for 48hr and carefully quenched with 

20 methanol. Solvent was removed in vacuo and hydrochloric acid added 
(6M. 100ml). The reaction was refluxed for Ihr at 60*C and the 
hydrochloric acid removed in vacuo. The product was entrained in 
methanol and the solvent removed. The residue was dissolved in 
methanol containing 20% water and basified with solid sodium hydroxide 

25 and tert-butyl dicarbonate (32.7g, 150mmol) was added whilst 
maintaining the pH at 12. The basic solution was extracted with ethyl 
acetate, washed with brine, dried (MgS04) and evaporated to dryness. 
The residue was columned on silica ( 33% ethyl acetate in hexane) to 
give the title compound as an oil. CeoHioeNeOia requires 1142. 5H 

30 (CDCI3) 7.31 (5H. m. PA?CH20). 4.48 (2H, s, PhCH20). 3.44 (2H. t. 
PhCH20CH2 ). 3.4-3.1 (20H. m, CH2N). 3.02 (1H. t, CHR3). 2.82 (6H. s, 
NMe). 1.9-1.2 (76H. m, CH2 + Me). 
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(B19) 8-[Methyl(t-butyloxycarbonyl)aminopropyl(t-butyloxy- 
carbonyl)aminobutyl(t-butyloxycarbonyl)amino]-7- 
[methyl(t-butyloxycarbonyl)aminopropyl(t-butyloxy- 
carbonyl)aminobutyl(t*butyioxycarbonyl)aniinomethyl]- 
octanol 



B18 (10.23g,89.6mmol) was dissolved in f-butanol (100ml) to which was 
added Raney nickel (8ml) under argon. The atmosphere was changed to 
hydrogen and the reaction stirred for 48hr. The Raney nickel was 
removed by filtration (glass fibre) and the product purified by 
chromatography on silica (50-75% ethyl acetate in hexane) to yield the 
title compound (6.75g, 70%). CssH^oeNeOis requires 1058.8. Found 
ES: MNa+ 1081.8 5H(CDCl3). 3.62 (2H, t, HOCH2 ). 3.3-3.0 (20+1 H, m, 
CH2N+CHR3), 2.84 (6H. s. NMe), 1.9-1.2 (76H. m, CHg + Me). 

(B20) 8-[Methyl(t-butyloxycarbonyl)aminopropyl(t-butyloxy- 
carbonyt)aminobutyl(t-butyloxycarbonyl)amino]-7- 
[methyl(t-butyloxycarbonyl)aminopropyl(t-butyloxy- 
carbonyl)anfiinobutyl(t-butyloxycarbonyl)aminomethyl]- 
octyl methanesulphonate 



819 ( 6.75g, 6.54mmol) was dissolved in dichloromethane (40ml) 
containing triethylamine (1.2ml) at OX. Methane sulphonyl chloride 
(0.6ml, 7.8mmol) was added in dichloromethane (10ml) under argon. 
After 2hr Tic showed complete reaction (silica, 66% ethyl acetate in 
hexane). The title compound was evaporated to dryness and used in the 
next step without further purification. CseH-iosNeOisS requires 1136.76. 
Found ES: M++1 1138.0 5H(CDCi3). 4.21(2H. t, HOCH2 ). 3.3-3.0 



Boc 



HO, 
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(20+1H. m, CH2N+CHR3), 2.84(6H. s. NMe). 2.99 (3H, s. SMe). 1.9-1.2 
(76H, m. CH2 + Me. 

(21) 13-Aminohexyl-2,6,11,15,20,24-/iexait/s(t-butyloxy. 



B20 ( 6,7g, 6.5mmol) was dissolved in DMF with heating, cooled and 
sodium azide (2.5g) added portionwise. After 24hr stirring the reaction 

10 was poured into brine (1 1) and extracted with ethyl acetate. The organic 
phase was washed with water, dried and evaporated to dryness. This 
material was used for the reduction without purification. The crude azide 
was dissolved in f-butanol (50ml) and 10% palladium on carbon (2g) 
added under argon. The atmosphere was changed to hydrogen and the 

15 reaction stirred for 48hr. The catalyst was removed and the product 
evaporated to dryness. The product was purified by chromatography 
(silica saturated with triethylamine, 1-10% methanol in DCM containing 
0.1% triethylamine) to yield the title compound (3g) as a glassy solid. 
C55H107N7O12 requires 1057.8. Found ES: M++1 1058.7 5H (CDCI3). 

20 3.3-2.9(20+1 H, m. CH2N+CHR3). 2.83 (6H. s, NMe), 2.72 (2H, t, 
NH2CH2), 1.9-1.1 (76H, m, CH2 + Me). 



25 This section contains the synthesis of the following: 

(C4) Af,Af'"6/s(Peracetylglucuronylaminoethyl)succinamic acid 



carbonyl)-2,6,11,15,20,24-hexaazaeicosane 




C, DISUgAR INT^RMKPIATgg 




Ac(AcO O 



30 
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(C1) 6/s(Giucuronylaminoethyl)amine 



OH OHO 
HOo^^^.^'^v^l 

OH OH 



NH 



OH OH 
HO"*''-''^vSr 
OH OHO 



10 



15 



To a solution of d-gluconolactone (10,000 g, 56.14 mmol) in dry methanol 
(200 ml) under argon Was added diethylenetriamine (2.825 g, 27,38 
mmol) and the reaction stirred at room temperature overnight resulting in 
the formation of white precipitates. The solvent was removed from the 
resulting suspension giving a quantitative yield of the title compound as a 
pure white solid. C16H33N3O12 requires 459.2. Found ES+: MH"*", 
460.2. 6h (D2O) 2.79 (4H, t. CH2NHCH2). 3.40 (4H. dt. CH2NHCO). 
3.6-3.9 (8H. m, CHOH), 4.09 (2H, d. CH2OH). 4.33 (2H. d, CH2OH). 

(C2) Af,Af'-/>/s(Glucuronylaminoethyl)-0-t-butylcarbamate 



To C1 (7.000 15.23 mmol) dissolved in methanol (235 ml) and water 
(90 ml) were added di-terf-butyl dicarbonate (3.990 g, 18.28 mmol) and 
triethylamine (1.542 g, 15.23 mmol) and the reaction stirred overnight at 
room temperature. The solvent was removed to quantitatively yield the 
BOC protected title compound which was used crude in the next synthetic 
step. C20H37N3O15 requires 559.2. Found ES+: MH"^, 560.4. 5h 
(D2O) 1.47 (9H. s, C(Me)3), 3.3-3.6 (8H, br. CH2N). 3.6-3.8 (8H. m. 
CHOH), 4.09 (2H, br s, CH2OH). 4.30 (2H. d, CH2OH). 




25 
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(C3) -A/s(Peracetylglucuronylaminoethyl)-0-t-butyl- 
carbamate 



To a solution of crude C2 (15.23 mmol) in dry pyridine (50 ml) at O^C 
under argon was slowly added acetic anhydride (120 ml) and the 
solution allowed to warm to room temperature overnight. The majority of 
the solvent was removed and to the residues was added water (100 ml) 
and ethyl acetate (150 ml). The organic layer was separated off and the 
remaining aqueous layer extracted with more ethyl acetate (5 x 50 ml). 
The organics were combined, washed (1 x citric acid, 4 x water) and 
dried (MgS04) to yield on removal of the solvent a pale yellow gum. 
Gradient silica column chromatography (80% ethyl acetate in hexane to 
ethyl acetate) yielded the desired polyacetylated title compound (13.1 g , 
88% as a white solid. C41H6IN3O24 requires 979.4. Found ES"*": 
MNa+, 1002.4. 5h (CDCI3) 1.45 (9H. s, C(Me)3), 2.02. 2.03, 2.04, 2.06, 
2.09 (30H. 5 x s. MeCO), 3.34 (8H. br. CH2N), 4.10, 4.31 (4H. 2 x dd. 
CH2OAC), 5.06 (2H, m. CHOAc), 5.23 (2H, br. CHOAc), 5.45 (2H. q, 
CHOAc), 5.61 (2H. t. CHOAc), 6.61. 7.18 (2H. 2 x br. NHCO). 

(C4) A/,Af-A/s(Peracetylglucuronylaminoethyi)succinamic acid 



To C3 (3.000 g, 3.06 mmol) was added 1:1 trifluoroacetic acid: 
dichloromethane (15 ml) and the solution left at room temperature for 15 
minutes. The solvent was removed and the residues dissolved in dry 
dichloromethane (40 ml). To this solution was added succinic anhydride 
(613 mg, 6.12 mmol) and triethylamine (1.549 g. 15.31 mmol) and the 



AcO^cO O 
AcOs.A>.A>^ 

AcO^cO 




NBOC 



AcQ^cO 

AcO'^'^-Af^ 
AcO^cO O 




Ac(AcO O 
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reaction stirred overnight at room temperature under argon. The solvent 
was removed, the residues taken up into dichloromethane (100 ml) and 
1M aqueous HCI (50 ml) added. The solution v/as rapidly stirred for 5 
hours, the aqueous layer removed, and the remaining organic layer 
washed (3 x water). This was then dried (MgS04) and the solvent 
removed to yield the title compound as a white solid (2.945 g, 98%). 
C40H57N3O25 requires 979.3 Found ES+: MH+ . 980.2, MNa+, 1002.2, 
ES-: (M-H+)- 978.2. 5h (CDCI3) 2.03-2.23 (30H, 10 x s. Me). 2.4-2.8 
(4H, m, CH2CO), 3.3-3.9 (8H, brm. CH2N), 4.11 (2H, m, CH2OAC). 4.35 
(2H, dt, CH2OAC). 5.09 (2H. 2 x q, CHCH2OAC), 5.18 (1H. d, CHCO). 5.27 
(1H, d. CHCO), 5.44, 5.46, 5.58. 6.59 (4H, 4 x t, CHOAc), 7.07. 7.15 (2H, 2 
xt. CONH). 

D. LONG CHAIN AMINQACIDS 

This section contains the syntheses of: 

C24 AMINOACiD 

(D6) 24-Aniinotetracosanoic acid 

NH2(CH2)23C02H 

CI8 AMINOACID 

(D10) 18-AmInooctadecanoic acid 

H2N-(CH2)i7-C02H 

C20 REDUCED BIXIN AMINOACID 

(D15) Ar-Aminoethyl-4,8,13,17-tetramethyl-1,20-dodecanamoic 
acid trifluoroacetate salt 




o 



C24 AMINOACID CONTAINING MID-CHAIN AMIDE 
(D18) 12-(Aminododecanoylamino)dodecanoic acid 

NH2-(CH2)i i-CONH-(CH2)nC02H 
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(D1 9) 24-(Benzyloxycarbonyiamino)tetracosanoic acid 



C24 AMINOACID 

(D1) 12-Aminododecanol hydrochloride 

NH2(CH2)11CH20H.HCI 

12-Aminododecanoic acid ( 21.52g, lOOmmol ) was suspended in 100ml 
THF and borane THF complex (SOOmmol, 1M solution) added. The 
reaction was left overnight and carefully quenched with methanol before 
evaporation to small bulk. The residue was suspended in 1M HCI 
(500ml) and heated at 40X for 1hr and left overnight. The white solid 
was filtered off and washed with cold 1M HCI. The product was 
recrystallised from 1M HCI. filtered off and dried over P2O5 in vacuo to 
yield the title compound (18.70q. 79%). Mp 120'C softens, 169*C liquid. 
C12H28N1O1CI.I/5 H2O requires C: 59.70%. H: 11.86%. N: 5.80%. 
Found: 0: 59.65%, H: 11.82%. N: 5.76%. C12H27N1O1 requires 201, 
Found ES+: MH+ 202.1 (100%). 6h (CD3CO2D) 3.64 (2H. t, CH2O), 
3.06 (2H. t, NCH2), 1.73 (2H. m, CH2CH2O). 1.57 (2H.m. NCH2CH2). 
1.2-1.5(16H. m. CH2). 

(D2) 12-(Dibenzylamino)dQdecanol 

Bn2N(CH2)llCH20H 

D1 (15g, 63.2mmol) was suspended in a mixture of dichloromethane 
(150ml) and saturated sodium carbonate in water (150ml). Benzyl 
bromide (189.6mmol, 33.7g. 23.5ml) was added slowly. The suspension 
cleared and reaction was complete after 4hr. aqueous ammonia 
(0.880,30ml) was added & the reaction left overnight. The organic layer 
was dried (MgS04) and evaporated to dryness. The product was stirred 
vigorously in refluxing hexane. The flask was left at -20'C when crystals 
of the title compound slowly appeared. The crystals (Mp 45X) were 
collected by filtration (18,03g. 75%). C26H39N1O1 requires 0: 81.84%, 
H: 10.30%, N: 3.67%. Found: C: 81.64%, H: 10.24%. N: 3.54%. 
C26H39N1O1 requires 381. Found ES+: MH"** 382 (100%). 6h (CDCI3) 




o 
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7.1-7.6 (10 H. m, Ar). 3.64 (2H. t. CH2O ), 3.56 (4H. s. ArCH2), 2.41 (2H. t. 
NCH2). 1.1-1.8 (22H, dm, CH2). 

(D3) 12-(Dibenzylamino)dodecanal 

5 

Bn2N(CH2)llCHO 

To a solution of anhydrous DMSO (30mmol, 2.13ml ) in dichloromethane 
{200ml) at -78'*C was added carefully oxalyl chloride (2.6ml, 30mmol) in 
dichloromethane (60ml). After 15mins D1 (10g, 26mmol) was added in 
dichloromethane (60ml) and the reaction stirred for 20mins at -78X. 
Triethylamine (28ml) was added dropwise to the cold reaction. A 
precipitate formed and after ISmins the reaction was allowed to reach 
room temperature. Water (100ml) was added to the reaction which was 
extracted with dichloromethane. The organic layers were washed with 
water, dried (MgS04) and evaporated to dryness. The residue was 
chromatographed (Si02. hexane -10% ethyl acetate in hexane) to give 
the title compound as an oil (7.97g, 80%). This compound is unstable 
and should be used on the day of preparation. 

I.R. 1725cm-1 (COH), C26H37NO requires 379,29. Found ES+: MH+ 
380.29. 6h (CDCI3) 1.32 (14H. br, (CH2)7(CH2)2N). 161 (4H. 2xp. 
CH2CH2N. CH2CH2CO), 2.43, 2.44 (4H, 2xt, CH2N, CH2CO), 3.60 (4H, 
s, CH2Ph). 7.2-7.5 (10H, m, Ph), 9.78 (1H, t. COH). dc (CDCI3) 22.0. 
26.9. 27.1, 29.0. 29.3. 29.4. 29.5 (9C. (CH2)9CH2N). 43.8 (1C, 
CH2COH), 53.3 (1C. CH2N). 58.2 (2C, CH2Ph), 126.6 (2C. 
CH(CH)2C). 128.0 (4C. CHC). 128.6 (4C. CHCHC). 140.0 (2C. 
CCH2N). 202.3 (1C, COH). 

(D4) 1 1-(Carboxyundecyl)triphenylphosphonium bromide 

30 

Ph3P-(CH2)nC02H.BP 

To 12-bromododecanoic acid (3.000 g, 10.7 mmol) suspended in 
acetonitrile (12 ml) was slowly added triphenylphosphine (2.818 g, 10.7 
35 mmol). The reaction was heated at 100**C (no condenser) with argon 
blowing over the flask until the reaction was a fusion, then maintained at 
100°C (with condenser) for 24hrs. The warm residues were dissolved in 
acetonitrile (18 ml) and added dropwise to rapidly stirred cold (dry ice) 



10 



15 



20 



25 
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diethyl ether. The white precipitate formed was then filtered off and the 
title compound dried (5.353 g, 92%). Mp 110-112'C. C3oH3802PBr 
requires C: 66.54%, H: 7.07%. Found: C: 66.42%. H: 7.10%. 5p (CDCI3) 
24.3 (s). 5h (CDCI3) 1.05-1.30 (12 H. br. (CH2)6(CH2)2C02H), 1.53 
5 (6H. br, (CH2)2CH2P. CH2CH2CO2H), 2.28 (2H, t, CH2CO2), 3.55 (2H, 
br, CH2P). 7.6-7.8 (15H, m, Ph). dc (CDCI3) 22.1, 22.3. 22.8. 24.5, 
28.8, 28.9. 30.0, 30.2 (IOC, (CH2)ioC02H), 34.2 (1 C. CH2P), 117.3, 

118.7 (3 C. CP), 130.3, 130.5 (6C, CHCHCP), 133.3, 133.5 (6C. CHCP), 
134.9 (3C, CH(CH)2CP). 177.4 (1C. CO2H). 

10 

(D5) 24-(Dibenzylamino)-12-tetracosenoic acid 

Bn2N.(CH2)„-CH=CH-(CH2)io-C02H 

The phosphonium salt D4 (13.52g, 25 mmol) was dissolved in dry DMSO 
(40 ml) under argon at --0°C (no DMSO solidification). 2.2 Equivalents of 

15 2.0M LDA.(25ml) were added, the solution turning orange. The reaction 
was left at 0°C for 1/2 hour, and to the now dark orange solution was 
added a solution of D3 (7.97g, 21 mmol) In dry THF (30 ml). The solution 
was maintained at 0°C for 4 hours then added to 2M HCI (50 ml). The 
aqueous layer was extracted with dichloromethane, the fractions 

20 combined, dried (MgS04) and the solvent removed to yield the crude 

material as a pale yellow gum. Silica column chromatography (30- 100% 
ethyl acetate in hexane) yielded the title compound (6.20g, 53%), as a 
pale yellow gum. C38H59NO2 requires 561.46. Found ES+: MH"*" 
562.53, ES-: (M-H+)- 560.55. 6h (CDCI3) 1.26 (30H, br, 

25 (CH2)8CH2CH=CHCH2(CH2)7), 1.42-1.72 (4H, m, CH2CH2CO2H, 
CH2CH2N), 2.02 (4 H. dxt. CH2CH=CHCH2). 2.34 (2H. t. CH2CO2H), 
2.46 (2H, t. CH2N), 3.65 {4H. s, CH2Ph), 5.36 (2H, t, CH=CH). 7.2-7.4 
(10H, m, Ph). 5c (CDCI3) 25.0, 26.4, 27.2. 29.3. 29.6 (19C. 
(CH2)10CH=CH(CH2)9). 34.5 (1C. CH2CO2H), 62.9 (1C. CH2N). 57.7 

30 (2C. CH2Ph), 127.0 (20, CH(CH)2C. 128.2 (4C. CHC), 129.1 (4C, 
CHCHC), 129.9 (2C. CH=CH), 138.6 (2C. CCH2N). 179.2 (1C, CO2H). 
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(D6) 24-Aminotetracosanoic acid 

NH2(CH2)23C02H 

D5 (6.2g) under an atmosphere of hydrogen was heated at 60°C (to 
avoid the monobenzyl product) overnight in glacial acetic acid using 
Pearlman's catalyst (10% w/w). The reaction was filtered through glass 
fibre and evaporated to dryness. The title compound was crystallised 
from acetic acid / ether (4.2g, 100%) and subjected to high vacuum to 
remove traces of acetic acid. Mp 151-155'C. C24H49NO2.O.75 
MeC02H requires C: 71.44%, H: 12.23%. N: 3.27%. Found: C: 71.43%. 
H: 12.15%, N: 3.26%. C24H4gN02 requires 383.38. Found ES+: MH+ 
384.29. 5h (CD3OD + TFA) 1.32 (38H, br, (CH2)l9(C.H2)2 NH2). 1.65 
(4H, br, CH2CH2NH2, CH2CH2CO2H), 2.33 (2H, t, CH2CO2H), 2.74 
(2H, m, CH2NH2). 5c (CD3OD + TFA) partial 33.8 ( 1C, CH2CO2H), 
35.3 (1C, CH2NH2). 

C18 AMINOACID 

(D7) 6-(Dibenzylammo)-1-hexanol 

20 

(Bn)2N(CH2)sCH20H 

Benzyl bromide (61ml. 511 mmol) was added to a stirred solution of 6- 
amino-1-hexanol (20g, 170 mmol) and triethylamine (142ml, 1.02 mol) in 

25 acetonitrlle (500ml) at room temperature for two days. The acetonitrlle 
solution was concentrated to 100ml and diluted with water. The aqueous 
phase was extracted with ethyl acetate, washed with brine, dried 
(MgS04) and evaporated to dryness to yield an orange oil. The product 
was chromatographed on silica (hexane - 50% ethyl acetate/ hexane) to 

30 yield the title compound as a colourless oil (25g, 50%). 6h (CDCI3) 
7.23-7.39 (10H. m, (ArH), 3.59 (6H. t + ds, CH2OH + ArCH2), 2.42(2 H, t, 
CH2N), 1.47-1.56 (4H, m, CH2CH2NH2 + CH2CH2OH), 1.24-1.32 (4H. 
m, 2xCH2). 



10 
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(D8) 6-(Dibenzylamino)hexanal 

(Bn)2N(CH2)sCHO 

5 To a stirred solution of DMSO (20mmol, 1.41ml) in dichloromethane 
(100ml) at -78'C was carefully added oxalyl chloride (1.7ml, 20mmol) in 
dichloromethane (30ml). After 15mins D7 (5g, 16.83mmol) was added in 
dichloromethane (30ml) maintaining the temperature at -78'C. The 
reaction was stirred for 20 mins and triethylamine (14ml) added 

10 dropwise. A precipitate formed, after 15 mins the reaction was allowed to 
reach room temperature. Water (100ml) was added to the reaction which 
was extracted with dichloromethane. The organic layers were washed 
with water, dried (MgS04) and evaporated to dryness. The residue was 
chromatographed (Si02, hexane -20% ethyl acetate in hexane) to give 

15 the title compound as an oil (4.10g, 83%). C20H25NO requires C: 
81.31%, H: 8.53%. N: 4.74%. Found: C: 81.00%, H: 8.49%. N: 4.63%. 
C20H25NO requires 295. Found ES+: MH+ 296 5h (CDCI3) 9.71 (1H, 
s, CHO). 7.2-7.5 (lOH.m, ArH, ). 3.57(4H. s, ArCH2). 2.3-2.5 (4H. dt, CH2). 
1.2-1.7 (6H, dm. CH2). 

20 

(D9) 18-(Dibenzylammo)-12-octadecenoic acid 
Bn2N-(CH2)s-CH=CH-(CH2)io-C02H 

25 D4 (1.082g, 2 mmol) was dissolved in dry DMSO (5 ml) under argon at 
~(yC (no DMSO solidification). 2.2 equivalents of 2.0M LDA (4ml) was 
added, the solution turning orange. The reaction was left at 0"C for 1/2 
hour, and to the now dark orange solution was added a solution of 08 
(0.7g, 2 mmol) in dry THF (10 ml). The solution was maintained at 0°C 

30 for 4 hours then added to 2M HCI (50 ml). The aqueous layer was 
extracted with ethyl acetate, the fractions combined, dried (MgS04) and 
the solvent removed to yield the crude material as a pale yellow gum. 
Silica column chromatography (30% ethyl acetate in hexane or 5% 
methanol in dichloromethane) yielded the title compound (453mg, 53%), 

35 as a low melting (Mp 21*0) white solid. C32H47NO2 requires C: 
80.45%, H: 9.92%, N: 2.93%. Found; C. 80.20%, H: 9.92%, N: 2.74%. 
C38H59NO2 requires 477. Found ES+: MH"*" 478. 5h (CDCI3) 8.6-9.2 
(1 H, vbr, (CO2H), 7.39-7.21 (10 H, m. ArW), 5.37-5.29 (2H, m, trans 
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HC=CH ). 3.63 (4 H. s. PhCH2). 2.48-2.43 (2H, t, NCH2). 2.36-2.31 (2H. t. 
CH2CO2H). 2.01-1.97 (2H. t. CH2CH=CH), 1.66-1.55 (4H. m. CH2). 
1.29-1.24 (18 H, m, CH2). 

5 (D10) 18-Aminooctadecanoic acid 

H2N-{CH2)i7-C02H 

D8 (13g) under an atmosphere of hydrogen was heated at eO'C 
10 overnight in glacial acetic acid with Pearlman's catalyst (10% w/w). The 
reaction was filtered hot through glass fibre and evaporated to dryness. 
The product was crystallised from acetic acid / ether (8.2g. 100%). The 
title cQip pound was subjected to high vacuum to remove traces of acetic 
acid. Mp 162-163*C. C24H49NO2.O.25H2O requires C: 71.12%, H: 
15 12.43%, N: 4.61%. Found: C: 71.20%, H: 12.35%. N; 4.49%. 
C24H49NO2 requires 299. Found ES+; MH+ 300. dn (CD3CO2D) 3.06 
(2H, t, CH2NH2). 2.38 (2H, t, CH2CO2H). 1.63-1.73 (4H. m. 
CH2CH2CO2H + CH2CH2NH2). 1.33 (26H, m, CH2 ). 

20 C20 REDUCED BiXIN AMINOACID 

(D11) Hydrogen Methyl 4,8,13,17-tetramethyl-1,20- 
dodecanedloate 




OMe 



25 

A suspension of bixin (9.959 g, 24.59 mmol) was stirred overnight in 
methanol (200 ml) in the presence of a hydrogen atmosphere and 10% 
Pd/C catalyst (1 g). The catalyst and solvent were removed to yield an 
opaque yellow viscous oil, silica tic r.f. 0.4 (25% ethyl acetate in hexane) 

30 purified by gradient (20-35% ethyl acetate In hexane) silica 
chromatography to yield the title compotinri as a very pale yellow clear 
viscous oil (7.181 g, 71%). I.R. 1710 cm-1 (CO2H). 1743cm-'' (C02Me). 
C24H48O4 requires 412.36. Found ES+: MNa+ 435.38. Sh (CDCI3) 
0.85-1.0 (12 H. m, CHMe). 1.0-1.8 (28 H, br, CH2. CHCH3), 2.35 (4H. m, 

35 CH2CO), 3.70 (3H, s, OMe) 
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(D12) Af-aminoethyl-O-t-Butylcarbamate 




H 



BOC-ON (16.4g, 0.066mmol) was added to a stirred mixture of 
ethylenediamine (13.4ml, 0.2mmol) and triethylamine (28ml, 0.2mmol) at 
5 room temperature under argon and left overnight. Ethyl acetate was 
added and the product extracted into potassium dihydrogen 
orthophosphate solution. The extracts were combined and basified to 
pH12 with sodium hydroxide. The aqueous basic solution was extracted 
with ethyl acetate, the combined organic phases washed with brine, dried 
10 and evaporated to dryness to yield the title compound which analysed 
without further purification. Yield 6.4g. C7H16N2O2 requires 160. 
Found ES+: MH**- 161. 5h (CDCI3) 5.12 (1H, br, CONH), 3,19(2H, dt, 
OCONHCH2). 2.93(2H. s, HH2I 2.82 (2H, t. CH2N), 1.42 (9H. s. Me). 

15 (D13) Methyl A/-(t-butyloxycarbonylaminoethyl)-4,8, 13,17- 



To D11 (7.181 g, 17.4 mmol) in dry dichloromethane (50 ml) under argon 
20 was added triethylamine (1.761 g, 17.4 mmol), EDC (5.171 g, 17.4 mmol) 
and N-hydroxysuccinimide (2.002 g, 17.4 mmol). The solution was left 
for three hours, during which time the formation of the slower moving 
NHS active ester was followed by silica tic (r.f. 0.25, 25% ethyl acetate in 
hexane). Once complete ester formation was achieved, D12 (3.067 g, 
25 19.1 mmol) was added in dichloromethane (20 ml) and the reaction left 
48hrs. Purification on silica (50% ethyl acetate in hexane) yielded the 
title compound (4,285 g, 44%), silica tic r.f. 0.15 (25% ethyl acetate in 
hexane). C32H62N2O5 requires 554.47. Found ES+: MH"*" 555.48, 
MNa+ 557.41. 5h (CDCI3) 0,7-0.9 (12 H, m, CHMe). 0.8-1.8 (28 H. br 
30 m. CHMe, CH2). 1.41 (9 H. s, C(Me)3). 2.15 (2 H, dxt. CH2CONH), 2.27 
(2 H, m. CH2C02Me), 3.15-3.35 (4 H, m, CH2NH), 3.63 (3 H, s, OMe), 
5.33 (1 H, t. NHCO2), 6.65 (1 H, t. NHCO). 6c (CDCI3) 19.1. 19.5, 24.2. 
27.3, 28.2, 31.7. 32.2. 32.6, 34.3. 37.0 (25 C, CH2. CHMe, C(CH3)3). 



tetramethyl-1,20-dodecanamoate 
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40.2. 40.4 (2 C, CH2N). 51.2 (1 C. OMe). 79.2 (1 C. C(Me)3), 156.8 (1 
C. NHCO2), 174.2, 174.4 (2 C. C02Me. CONH). 

(D14) /V-(t-Butyloxycarbonylaminoethyl)-4,8,13,17- 
5 tetramethyl-1,20-dodecanamoic acid 

BOC My. 
H O 

To D13 (4.285 g, 7.722 mmol) in methanol (35 ml) was added a 
suspension / solution of lithium hydroxide (3.239 g. 77.22 mmol) In water 
(10 ml). This was stirred for 2 hours then poured into 10% citric acid 

10 solution and extracted with ethyl acetate. These organic fractions were 
combined, washed with water and the solvent removed to yield the title 
compound . With dichloromethane: methanol: water 6:1:1 on silica the tic 
of D13 and D14 have Rf of 0.35 and 0.05 respectively. C31H60N2O5 
requires 540.45. Found ES+: MH"^ 541.48, MNa"^ 563.45. 6h (CDCI3) 

15 0.85-1.0 (12 H. m. Me), 1.0-1.8 (28 H, br m, CH2. CH), 1.46 (9 H. s, 
C(Me)3), 2.20 (2 H, m, CH2CONH), 2.36 (2 H, m, CH2CO2), 3.15-3.45 
(4 H. m, CH2N), 5.16 (1 H. t. NHCO2). 6.55 (1 H. t. NHCO). 6c (CDCI3) 

19.3. 19.7, 24.2. 27.2, 28.3, 31.8, 32.3. 32.6, 34.4, 36.9 (26 C. CH2. 
CHMe. C(CH3)3). 40.0, 40.6 (2 C. CH2N). 79.6 (1 C. C(Me)3), 157.0 (1 

20 C. NHCO2). 174.5 (1 C. CONH), 179.5 (1 C. CO2H). 

(D15) W-Aminoethyl-4,8,13,17-tetramethyl-1,20. 
dodecanamoic acid trifluoroacetate salt 




25 D14 was taken up into 96% TFA and left for 30 minutes. The solvent 
was removed to give the amino acid as a viscous oil which after silica 
chromatography (15% methanol in dichloromethane + 0.1% acetic acid) 
gave the title compound as a colourless solid / gum, silica tic r.f. 0.25, 
ninhydrin +ve (6:1 dichloromethane: methanol). The yield for the two 

30 steps D14 to D15 was 2.044 g, 60%. C26H52N2O3 requires 440.40. 
Found ES+: MH"^ 441 .36. 5h (CD3OD) 0.95-1.1 (12 H, m. Me), 1.1-19 
(28 H. br m, CH. CH2). 2.38 (4 H, m. CH2CO). 3.20 (2 H, t. CH2NH3"^), 
3.60 (2 H, t. CH2NHCO). 6c (CD3OD) 20.1, 20.5, 22.0, 25.6. 28.6, 33.6. 
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33.8, 34.0, 35.0, 38.4, 38.6 (22 C. CH. CH2. Me). 40.9 (2 C. CH2N), 
177.9 (1 C, CONH), 179.4 (1 C. CO2H). 

C24 AMINOACID CONTAINING MID-CHAIN AMIDE 
5 (D16) 12-(t-Butyloxycarbonylamino)dodecanoic acid 

BocNH-(CH2)ii-C02H 

12-Anriinodoclecanoic acid (2.15g, lOmmol) was dissolved in 1M NaOH 
(50ml) at 50-C. BOC anhydride (2.33g. lOmmol) was added to the 
reaction which was stirred for SOmins. The reaction was poured into 

10 stirred 10% citric acid (100ml) and the white solid filtered off. The solid 
was washed with citric acid.water and dried in vacuo. The product was 
dissolved in ether and filtered before evaporating to dryness. The title 
compound was crystallised firom hexane (2.33g, 74%). Mp 72-76"C. 
C17H33NO4 requires C: 64.73%. H: 10.55%, N: 4.44%. Found: 0: 

15 64.78%, H: 10.58%, N: 4.41%. C24H49NO2 requires 315. Found ES+: 
MH+ 316. 5h (CDCI3) 3.08 (2 H. t. CH2NH2). 2.33 (2 H, t, CH2CO2H), 
1.6(2 H. m, CH2CH2NH2), 1.44 (11 H. s+m, CH2CH2CO2H + Boc ), 
1.26 (14 H. m. CH2). 

20 (D17) 12-(t-Butyloxycarbonylaminododecanoylamino) 
dodecanoic acid 

BocNH-(CH2)n-CONH-(CH2)i 1CO2H 

25 To D16 (1.69g, 5.05mmol) in stirred dichloromethane (20ml) was added 
DBU (0.755ml, 5.05mmol), followed by N-hydroxysuccinimide (0.581 g, 
5.05mmol) and EDO (0.968g, 5.05mmol). The reaction was left overnight 
to go to completion. Chloroform (30ml) containing 12-aminododecanoic 
acid (1.087g, 5.05mmol) and DBU (1.51ml, lO.lmmol) was added. After 

30 3 hours the reaction was poured into 10% citric acid (100ml) and 
extracted with dichloromethane (3x50ml). The organic phases were 
dried (MgS04) and evaporated to dryness. The solid residue was 
triturated with refluxing hexane & dissolved in refluxing ethyl acetate. 
The solution was filtered hot and allowed to crystallise to yield the iilis 

35 gQmPQMn^i (2.33g.90%). Mp 85-87'C. C29H56N2O5 requires 512. 
Found ES+: MH+ 513. 6h (CDCI3) 5.74 (1 H, brt. CONHJ, 4.57(1 H. br. 
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CONH;, 3.0-3.3 (2x2 H. q+m. CH2NH), 2.30(2 H, t, CH2CO). 2.15 (2 H. t, 
CH2CO). 1.60 (4 H, m. CH2 ), 1.2-1.5(9+32H. m, CH2 ). 

(Di 8) 12-(Aminododecanoylaniino)dodecanoic acid 



96% TFA (4% water, 7ml) was added to D17 (2.3g, 4.5mmol) and the 
resulting solution stirred for 30min. The reaction was evaporated to 
dryness and azeotroped with toluene/methanol before submittingto high 
vacuum. The title compound was recrystallised from ether containing 
10 acetic acid as a white solid (2.12g). Mp 66-68X. C24H48N2O3 
requires 412. Found ES+: MH"*" 413. 6h (CD3CO2D) 3.26 (2 H, t, 
CH2NH;, 3.09 (2 H, t, CH2NH;, 2.38(2 H.t, CH2CO), 2.28(2 H.t, CH2CO), 
1.5.1.9(4 H.m. CH2CH2NH). 1.5-1.25(32 H. m. CH2). 

IS (D19) 24-(Benzyloxycarbonylamino)tetracosanolc acid 



To D6 (0.500 g, 1.30 mmol) and DBU (794 mg, 5.21 mmol) in refluxing 
methanol (100 ml) was added neat benzylchloroformate and the reaction 
refluxed for 3 hours until complete conversion of D 6 to either the 

20 protected amino acid D19 or its methyl ester was observed. The solvent 
was removed and the residues taken up into dioxane (60 ml) and water 
(2 ml) and lithium hydroxide (1 g) added. The reaction was then refluxed 
for 2 hours until hydrolysis of the methyl ester derivative to D19 was 
complete. The solvent was removed, the residues suspended in 1M HCI 

25 (100 ml) and extracted with hot ethyl acetate (300 ml). The hot ethyl 
acetate was dried (MgS04) and the solvent volume reduced to 40 ml. 
The solution / suspension was left at -10*^0 for 1 hour, allowed to warm to 
room temperature and the resulting white precipitates filtered off and 
dried under vacuum to yield the title compound (585 mg, 87%). M.Pt 

30 102-104X. C32H55NO4 requires 517.4. Found ES": MCr, 552.6, 5h 
(deDMSO). 1.32 (38H. s, (CH2)l 9(C H2)2N). 1.52 (2H, p. 
CH2CH2CO2H). 1.65 (2H, p, CH2CH2NH), 2.35 (2H, t. CH2CO2H), 3.18 
(2H. t, CH2N), 5.14 (2H. s, CH2Ph), 7.35 (6H. m. Ph). 



NH2-(CH2)i 1 -C0NH-(CH2)i 1 CO2H 



5 




O 
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E. LIPID POLYAMINE INTERMEDIATES 

This section contains the synthesis of: 

S (E2) A/-{8-[t-Butyloxycarbonylammobutyl(t-butyloxycarbonyl)- 
amino]-7-[t-butyloxycarbonylammobutyi(t*butyloxy- 
carbonyl)aminomethyl]octyl}-23-amlnotetracosanamlde 



10 

(E4) A^-{8-[Methyi(t-butyloxycarbonyl)aminopropyl(t-butyloxy 
carbonyl)aminobutyl(t-butyloxycarbonyl)amino]-7- 
[methyl(t-butyloxycarbonyl)aminopropyl(t-butyloxy- 
carbonyl)aminobutyl(t-butyloxycarbonyl)amlnomethyl]- 
15 octyl}-23-aminotetracosanamide 




NHBOC 



BOC 




80C BOC 



20 (E8) 



BOC 



BOC 



BOC 
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(E1) Af-{8-[t-Butyloxycarbonylaminobutyl(t-butyloxycarbonyl)- 
amino]-7-[t-butyloxycarbonylammobutyl(t-butyloxy- 
carbonyl)aminoniethyl]octyl}-23-benzyloxycarbonyl- 
amino)tetracosanamide 



BOC 



NHBOC 



D19 (448 mg. 0.865 mmol), EDC hydrochloride (249 mg. 1.30 mmol), N- 
hydroxysuccinimide (149 mg, 1.30 mmol) and DBU (263 mg, 1.73 mmol) 

10 were dissolved in anhydrous dichloromethane (10 ml) and activated 
. ester formation left overnight at room temperature under argon. B8 (589 
mg, 0.82 mrriol) was added and the reaction left for a further five hours. 
The solvent was removed and the residues purified by gradient silica 
column chromatography (40-60% ethyl acetate in hexane) to yield the 

15 title compound as a colourless glass (887 mg, 88%). C69H126N6O11 
requires 1214.9. Found ES+: MH^ 1215.9. 5h(CDCI3) 1.24 (48H. br, 
(CH2)20(CH2)2N, (CH2)4CH). 1.43 (48H. br, Me, CH2CH2N), 2.03 (1H, br, 
CH). 2.18 (2H. t, CH2CO). 3.00-3.35 (16H, brm. CH2N), 4.4-4.6 (3H. br, 
NHCO2). 5.09 (2H, s, CH2O). 5.90 (1H. br, CONH), 7.34 (5H. m, Ph). 

20 



(E2) W-{8-[t-Butyloxycarbonylaminobutyl(t-butyIoxycarbonyl)- 
amlno]-7-[t-butyloxycarbonylaminobutyl(t-butyloxy- 
carbonyl)aminomethyi]octyl}-23-aminotetracosanamide 

25 

^ BgQ^^^NHBOC 

H2N-(CH2)23>yJ^*^^^^XvW' 

O 



BOC 



NHBOC 



To El (877 mg) dissolved in ferf-butanol (60 ml) was added Pearlmans 
catalyst (500 mg), ammonium formate (3 g) and Raney nickel 
30 (approximately 1ml). The reaction was heated at 45''C overnight and to 
maintain a hydrogen atmosphere the reaction was fitted with a bubbler. 
The catalysts were filtered off and the solvent removed to give a 
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colourless gum which was purified by silica column chromatography 
(10% methanol in dichloromethane + 0.1% triethylamine) to yield the tit|e 
compound as a colourless glass / solid (744 mg. 95%), CeiHiaoNeOg 
requires 1080.9, Found ES+: MH+ , 1082.1, ES-: MCI" .1116.1. 5h 
5 (CDCI3) 1.24 (46H. br, (CH2)i9(CH2)2CO). 1.42 (50H, br. Me. CH2CH2N, 
CH2CH2CO). 1.95 (1H. br. CH). 2.14 (2H, t, CH2CO), 2.95 (2H, t, 
CH2NH2), 3.0-3.3 (14H, m, CH2N). 4.69 (2H, br. NHCO2). 5.64 (1H. t. 
NHCO). 

10 (E3) A/-{8-[Methyl(t-butyloxycarbonyl)aminopropyl(t-butyloxy- 
carbonyl)aminobutyl(t-butyloxycarbonyl)amino]-7- 
[methyl(t-butyloxycarbonyl)aminopropyl(t-butyloxy- 
carbonyl)aminobutyl(t-butyloxycarbonyl)aminomethyl]- 
octyl}-23-(benzyloxycarbonylamino)tetracosanamide 



D19 (580 mg, 1.12 mmol), EDC hydrochloride (429 mg, 2.24 mmol), N- 
hydroxysuccinimide (193 mg, 1.68 mmol) and DBU (341 mg, 2.24 mmol) 

20 were dissolved in anhydrous dichloromethane (30 ml) and activated 
ester formation left overnight at room temperature under argon. B21 
(1.186 g, 1.12 mmol) in anhydrous dichloromethane (20 ml) was added 
and the reaction left for a further five hours. The solvent was removed 
and the residues purified by gradient silica column chromatography (40- 

25 60% ethyl acetate in hexane) to yieldthe title compound as a colourless 
glass (1.261 g. 72%). CsyHieoNsOis requires 1557.2. Found ES+: 
MH+. 1558.3. 5h(CDCI3) 1.24 (46H. (CH2)l9(CH2)2CO. (CH2)4CH). 1.4- 
1.8 (72H. br + m. (Me)3C, CH2CH2CO. CH2CH2N), 2.03 (1H, br, CH), 
2.21 (2H, t, CH2CO). 2.83 (6H, s, MeN), 3.0-3.35 (24H, m, CH2N). 4.73 

30 (1H, br. NHCO2), 5.3 (2H. s. CH2O). 6.08 (1H. br. NHCO). 7.34 (5H. m, 
Ph). 



15 




BOG BOC 



BOC BOC 



wo 01/12154 



PCT/GBOO/03170 



61 



(E4) A^-{8-[Methyl(t-butyloxycarbonyl)aminopropyl(t-butyloxy- 
carbonyl)aminobutyi(t-butyloxycarbonyl)amino]-7- 
[methyl(t-butyloxycarbonyl)aminopropyl(t-butyloxy- 
carbonyl)-aminobutyl(t-butyloxycarbonyl)aminomethyl]- 
octyl}-23-aminotetracosanamide 

BOC BOC 



^"-^^ BOC BOC 



To E3 (1.260 g) dissolved in ferf-butanol (60 ml) was added Pearlmans 
10 catalyst (500 mg), ammonium formate (3 g) and Raney nickel 
(approximately 1ml). The reaction was heated at 45°C overnight and to 
maintain a hydrogen atmosphere the reaction was fitted with a bubbler. 
The catalysts were filtered off and the solvent removed to give a 
colourless gum which was purified by silica column chromatography 
15 (10% methanol in dichloromethane + 0.1% triethylamine) to yield the title 
compound as a colourless glass / solid (1.088 g, 94%). C79H154N8O13 
requires 1423,2. Found ES+: MH'', 1424.3 6h (CDCI3) 1.24 (48H. 
(CH2)2oCH2CO, (CH2)4CH), 1.43 (70H, br + m, (Me)3C, CH2CH2N), 1.95 
(1H. br. CH), 2.14 (2H, t. CH2CO). 2.80 (2H, t. CH2NH2). 2.83 (6H, s, 
20 NMe), 3.0-3.35 (22H. m. CH2N), 5.65 (1H, br, CONH). 



(E5) 36-Chlorohexatriaconta-12,24-dienoic acid 

CKCH2)irCH=CH-(CH2)i(rCH=CH-(CH2)i(rC02H 

25 To a rapidly stirring suspension of silica (200 ml) and 50% 
dichloromethane in hexane (200 ml) was slowly added tosic acid (2 g) in 
water (6 ml). The suspension was stirred for 10 minutes and used to 
pack a column. After washing the column with 50% dichloromethane in 
hexane 35-Chloro-1-(1 ,3-dioxalan-2-yl)pentatriaconta-12,24-diene (4.04 

30 g) was loaded and eluted over 2 hours with 50% dichloromethane in 
hexane to give the aldehyde 2.5264 g, 66% as a white waxy solid. 
To PDC (3.792 g, 10.080 mmol) in anhydrous DMF (30 ml) was added 
the aldehyde (2.5264 g, 4.582 mmol) in anhydrous DMF (30 ml) and the 
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reaction stirred at ambient temperature under argon for 2 days. The 
reaction was poured into water (500 ml), extracted with hexane and the 
combined hexane fractions washed with water (3 x 150 ml). The solution 
was dried (MgS04), and the solvent removed to yield a brown oil which 
5 was purified by silica gradient chromatography eluting with 10-20% ethyl 
acetate in hexane to give the title compound as a white waxy solid, 
1.528g, 50% . C36H67O2CI requires 566.6. Found ES": (M-H"^)" . 565.6. 
5h(CDCI3) 1.27 (46H. br, CI(CH2)2(CH2)8CH2CH = CHCH2(CH2)8 
CH2CH = CHCH2(CH2)7), 1.63 (2H, p, CH2CH2CO2H), 1.76 (2H. p, 
10 CH2CH2CI), 2.0i(8H. m. CH2CH=). 2.34 (2H. t. CH2CO2H). 3.52 (2H. t. 
CH2CI), 5.34 (4K m, CH=CH). 

(E6) 36-Azidohexatriaconta-1 2,24-dienoic acid 

N3-(CH2)ii-CH=CH-(CH2)i(rCH=CH-(CH2)io-C02H 

15 To E5 (1.528 g. 2.693 mmol) in anhydrous DMF (70 ml) was added 
sodium azide (1.226 g, 18.851 mmol) and the reaction heated for 5 days 
at SO^^C under argon. The solvent was reduced to almost dryness and 
the residues taken up into water (150 ml) and ethyl acetate (150 ml). 
The aqueous layer was further extracted with ethyl acetate (4 x 150 ml), 

20 the fractions combined, washed (2 x 150 ml water), dried (MgS04) and 
the solvent removed to quantitatively yield the title compound as a pale 
yellow waxy solid 1.465 g, 95%. C36H67O2N3 requires 573.5. Found 
ES-: (M-H*)-. 572.6. dn (CDCI3) 1.27 (46H. br, N3(CH2)2(CH2)8 
CH2CH = CHCH2(CH2)8CH2CH = CHCH2(CH2)7), 1.63 (4H, m. 

25 CH2CH2N3). CW2H2CO2H). 2.02 (8H, m, CH2CH=), 2.34 (2H, t, CH2CO), 
3.35 (2H. t, CH2N3). 5.35 (4H, m, CH=CH). 
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(E7) N-{8-[Methyl(t-butyloxycarbonyl)aminopropyl(t-butyioxy* 
carbonyi)aminobutyl(t-butyloxycarbonyl)amino]-7- 
[methyl(t*butyloxycarbonyi)aminopropyl(t-butyloxy- 
carbonyl)aminobutyl(t-butyloxycarbonyl)aminomethyl]* 
5 octy l}-36-azidohexatnaconta-1 2,24-dienamide 



BOC BOC 
I I 



N3-(CH2)ii-CH=CH-(CH2>io-CH=CH-(CH: 




To E6 (299 mg, 0.521 mmol) in anhydrous dichloromethane (10 ml) 
10 were added EDC hydrochloride (200 mg, 1.043 mmol), N- 
hydroxysuccinimide (90 mg, 0.782 mmol) and the reaction left for 4 hours 
at room temperature. To the reaction were then added B21 (607 mg, 
0.573 mmol) and triethylamine (211 mg, 2.085 mmol) in anhydrous 
dichloromethane (10 ml). The reaction was left for a further 3 hours and 
15 the solvent removed. The residues were purified by gradient silica 
chromatography eluting with 30-60% ethyl acetate in hexane to yield the 
title compound as a colourless viscous oil, 720 mg, 86%. 
C91H172N10O13 requires 1613.3, Found ES+: MH* . 1614.3, MH22-^ , 
807.9. 5h(CDCI3) 1.27 (54H. br. N3(CH2)2(CH2)8C H2C H = 
20 CHCH2(CH2)8CH2CH=CHCH2(CH2)7), (CH2)4CH), 1.35-1.80 (72H, m, 
(Me)3C, CH2CH2N3. CH2CH2CO. CH2CH2N), 2.00 (8H, m, CH2CH=), 
2.05 (1H, br, CH), 2.23 (2H, t, CH2CO). 2.84 (6H, s, NMe). 2.95-3.35 
(22H, m, CH2N), 3.25 (2H, t, CH2N3). 5.34 (4H, m. CH=CH), 6.12 (1H, br, 
CONH). 

25 
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(E8) N-{8-[Methyl(t-butyioxycarbonyl)aminopropyl(t-butyloxy- 
carbonyl)aminobutyl(t-butyloxycarbonyl)amino]*7- 
[methyl(t-butyloxycarbonyl)aminopropyl(t-butyloxy- 
carbonyl)aminobutyl(t-butyloxycarbonyl)aminomethyi]- 
5 octyl>*36-aminohexatriacontanamide 



NH2-(CH2): 




To E7 (184 mg) dissolved in tert-butanol at 40*^0 was added Pd/C (50 
mg) and the atmosphere changed to hydrogen. The hydrogenation was 

10 heated at 40*'C for 3 days, the catalyst filtered off and the solvent 
removed. The residues were purified by silica chromatography eluting 
initially with 100:10:0 CH2Cl2:MeOH:NH40H to remove faster running 
impurities then with 100:10:1 to remove the title compound as a 
colourless gum, 61 mg, 34%. CgiHiysNsOia requires 1591.3. Found 

15 ES+: MH* . 1592.3. 6h (CDCI3) 1.24 (72H, br, H2N(CH2)2(CH2)32, 
CONH(CH2)2(CH2)4), 1.44 (66H, br, (Me)3C. CW2CH2N). 1.72 (4H, p, 
NCH2CH2CH2N), 1.98 (1H. br. CH), 2.14 (2H, t. CH2CO), 2.67 (2H, t, 
CH2NH2), 2.83 (6H, s, NMe). 2.95-3.30 (22H. m. NCH2). 5.62 (1H, br, 
CONH(CH2)6CH). 

20 

F. GLYCOAMINOLIPID SYNTHESES 

This section contains the syntheses of: 

25 (F4) 18-(Peracetylglucuronylamino)octadecanoic acid 

AcOAcO O 

AcO.,,AgA^j^.(CH2)i7-C02H 
AcO OAc 
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15 



20 



(F5) A/-(Peracetylglucuronylaminoethyl)-4,8,13,17-tetramethyl- 
dodecanamic acid 



AcOAcO O 
AcO OAc H 




(F6) (12-(Peracetylglucuronylaminododecanoylamino)- 
dodecanoic acid 



AcOAcO O 

AcO^^A^A^^ NH-(CH2)ii-CONH-(CH2)mC02H 
10 AcO OAc 



(F8) 12-(Peracetylglucuronylamino)dodecanoic acid 

AcOAcO O 9 
AcO,,AsjA^|^(CH2)i i^OH 

AcOAcO H 
C24 GLYCOAMINOLIPID 

(F1 ) 24-(Glucuronylamino)tetracosanoic acid 

HOHO 0 
HO^xX^^^^v^^l^^^ 

HOHO 



A suspension of D6 (792 mg. 2.064 mmol). d-gluconolactone (1.839 g. 
10.32 mmol) and DBU (4.2 g, 30.9 mmol) in dry methanol (90 ml) were 
heated at 60*^0 for approximately 10 minutes until all solids had 
dissolved. The solution was left at room temperature overnight, then the 

25 solvent removed. The residues were taken up into water (5 ml) and 
acidified to pH 1 with 1M HCI to precipitate out the desired compound. 
This was filtered off and dried to yield the title compound as a white solid 
(765 mg, 66%). Silica tic Rf 0.35, ninhydrin negative (1:1:1 
methanoLacetic acid:dichloromethane). I. R. 1581 cm"'^ (CO2*), 1639 cm- 

30 ^ (CONH). 6h (DMSO) 1,32 (42 H, br. (CH2)2iCH2C02H). 2.27 (2 H. t, 
CH2CO2H), 3.15 (2 H. m, CH2N). 3.3-3.8 (4 H. m. CHOH). 4.0-4.1 (2 H. 
m, CH2O). 
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(F2) 24-(Peracetylglucuronylamino)tetracosanoic acid 

AcOAcO 0 

'^'^°^'''VS^NH-(CH2)23-C02H 
AcO OAc 

5 

To F1 (765 mg, 1.362 mmol) dissolved in dry pyridine (20 ml) was added 
acetic anhydride (20 ml). The solution was stirred under argon overnight 
and water (50 rpi) added slowly. The solution was extracted with 
dichloromethane and the dichloromethane then washed with HCI pH 3 (2 

10 X 20 ml) and water (5 x 30 ml). The organics were dried (MgS04) and 
the solvent removed to yield the title compound as a white solid (940 mg, 
89%). Alumina tic Rf 0.15 (15% methanol in dichloromethane). 
C40H69NO13 requires 771.48. Found ES+: MH+ 772.07, MNa* 794.25. 
ES-: (M-H+)- 770.65. 5h (CDCI3) 1.26 (38 H, br. (CH2)i9(CH2)2C02H). 

15 1.64 (4 H, m, CH2CH2CO2H, CH2CH2NH), 2.07. 2.11, 2.13. 2.21 (15 H, s. 
MeCO), 2.35 (2 H. t. CH2CO2H), 3.24 (2 H, m, CH2NH), 4.30 (2 H. 2 x 
dxd. CH2OAC), 5.05 (1 H. q. CH(0Ac)CH20Ac), 5.32 (1 H, d, 
CH(OAc)CONH), 5.46 (1 H. t. CH(OAc)CH(OAc) CH2OAC), 5.70 (1 H, t, 
C/V(OAc)GH(OAc)CONH), 6.42 (1 H, t, NH). 6c(CDCl3) 20.4, 24.5. 26.6, 
20 28.8-29.5 (26 C, (CH2)2iCH2C02H, MeCO), 33.8 (1 C, CH2CO2H). 39.3 
(1 C, CH2NH), 61.3 (1 C. CH2OAC), 68,5, 68.9, 69.1. 71.5 (4 C, CHOAc), 
165.8 (1 C. CONH). 160.0. 169.6. 169.7, 170.4 (5 C, MeCO), 178.6 (1 C, 
CO2H). 



25 C18 GLYCOLIPID 

(F3) 18-(Glucuronylamino)octadecanoic acid 

HOHO 0 

"°^^^srSr^NH-(CH2)i7-C02H 
HOHO 

30 To a suspension of D10 ( 850mg. 2.8mmol) in methanol (100ml) at 50*C 
was added DBU (1.27g, 8.4mmol) When the aminoacid had dissolved d- 
gluconolactone (748mg. 4.2mmol) was added After 3 hrs no ninhydrin 
positive material was seen on tic and the reaction was evaporated to 
dryness. Cold 0.5 M HCI was added and the resulting buff precipitate 
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filtered off, washed with water and dried in vacuo to yield the title 
compound which was used without further purification. 

S (F4) 18-(Peracetyiglucuronylamino)octadecanoic acid 

AcOAcO O 
AcO OAc 

Crude F3 was dissolved in 50ml 20% acetic anhydride in pyridine 

10 containing DMAP (100mg). The reaction was left overnight, water added 
(10ml) with cooling and evaporated to dryness. Dilute hydrochloric acid 
(50mL 0.5M) was added and the aqueous phase extracted with ethyl 
acetate The organic phase was dried (MgS04 and evaporated to 
dryness to give a brown tar. This material was dissolved in 

15 dichloromethane and chromatographed (Silica eluted with ethyl acetate 
in hexane (30% to 50%), all containing 0.1% acetic acid. Solvent 
removal yielded the title compound as a white solid (826 mg, 49% 2 
steps). C34H56NO13 requires C: 59.46%, H: 8.22%. N: 2.04%. Found: C: 
59.24%, H: 8.35%, N: 1.97%. C24H49NO2 requires 687. Found ES+: 

20 MH* 688. 5h (CD3CO2D) 6.10 (1 H, brt, CONH . 5.70 (1 H, t. CH 
(OAc)CH{OAc)CONH). 5.45 (1 H, t. CH(OAc)CH(OAc)CH"(OAc)CONH), 
5.30 (1 H, m,CH(OAc)CONH). 5.05 (1 H, m AcOCH2(OAc)CH), 4.31 (1 H, 
dd[Ji=4Hz,J2=12Hz] AcOCH2(OAc). 4.13 (1 H, dd[Ji=6Hz,J2= 12Hz] 
AcOCH2(OAc), 3,22 (2 H. m, NCH2), 2.33 (2 H, t, CH2CO2H). 2.0- 

25 2.25(15 H. 5xs, acetate). 1.61 (2H. t, NCH2CH2). 1.45(1H. t, 
CH2CH2CO2H), 1.25(26H,s, CH2) . 
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REDUCED BIXIN GLYCOLIPID 



(F5) /V-(Peracetylglucuronylaminoethyl)-4,8,13,17- 
tetramethyldodecanamic acid 



AcOAcO 



AcO, 




AcO OAc H 



D15 (4.91g.11.1mmol )was dissolved in methanol (50ml) containing 

10 DBU (5.02ml, 33.6mmol). d- Gluconolactone (2.4g,13.3mmol) was added 
to the stirred solution, which was left at room temperature for 5hrs. The 
reaction was evaporated to dryness and 107o cold citric acid added 
(50ml), The precipitant was kept cold whilst it was filtered off and washed 
with cold water The step can be slow. The solid was dried in vacuo 

15 then dissolved in pyridine and dried by evaporation of solvent. The 
residue was dissolved in pyridine (100ml) containing acetic anhydride 
(20ml) and DMAP (200mg) and left stirring overnight. Water was added 
(30ml) with cooling and the reaction evaporated to dryness. The 
resulting black tar was chromatographed (silica, 30% ethyl acetate in 

20 hexane containing 0.1% acetic acid) to yield the title compound as a 
glassy solid (1.83g. 20%). C42H72N2O14 requires 828. Found ES+: 
MH"' 829. dH (CD3CO2D) 7.1 (1 H, brt. CONH), 6.17 (1 H. brt, CONH). 
5.60 (1 H. t, CH (OAc)CH(OAc)CONH), 5.41 (1 H, t. CH(OAc)CH 
(OAc)CH(OAc)CONH), 5.24 (1 H, m,CH(OAc)CONH). 5.02 (1 H, m, 

25 AcOCH2(OAc)CH), 4.29 (1 H, dd[Ji=4Hz,J2=12Hz] AcOCH2(OAc), 4.11 
(1 H, ddIJi=6Hz,J2=12H2] AcOCH2(OAc), 3.2-3.62 (4 H, m, NCH2), 
2.33-0.8 (57H . mm. CH2 & CH3). 



wo 01/12154 



PCT/GBOO/03170 



69 



C24 AMIDE CONTAINING GLYCOLIPID 

(F6) (12-(Peracetylglucuronylammododecanoylamino)- 
S dodecanoic acid 

AcOAcO O 

-^--^^isr^r" NH-(CH2)irCONH-(CH2)nC02H 
AcO OAc 

D18 (2.12g, 5.1mmol )was dissolved in methanol (50ml) containing DBU 

10 (2.3ml, 15.3mmol). d-gluconolactone (1.09g,6,12mmol) was added to the 
stirred solution, which was left at room temperature for 3hrs. - The reaction 
was evaporated to dryness & 10% cold citric acid added (50ml). The 
precipitant was kept cold whilst it was filtered off and washed with cold 
water. This step can be slow. The solid was dried in vacuo then 

15 dissolved in pyridine and dried by evaporation of solvent. The residue 
was dissolved in pyridine (100ml) containing acetic anhydride (20ml) & 
DMAP (200mg) and left stirring overnight. Water was added (30ml) with 
cooling and the reaction evaporated to dryness. Dilute hydrochloric acid 
(1M, 100ml) was added and the aqueous phase extracted with 

20 dichloromethane, dried and evaporated to dryness. The resulting black 
tar was chromatographed (silica, 5% methanol in dichloromethane) to 
yield the title compound as a glass (2.44g, 53%). C40H68N2O-14 
requires 800. Found ES+: MH'' 801. 5h (CDCI3) 7.1 (1 H, brt, CONH), 
5.68 (1 H. br, CONH) , 5.66 (1 H. t, CH(OAc)CH(OAc)CONH), 5.43 (1 H, t, 

25 CH(OAc)CH(OAc)CH(OAc)CONH), 5.29 (1 H, m,CH(OAc) CONH), 5.04 
(1 H. m, AcOCH2(OAc)CH), 4.33 (1 H, dd[Ji =4Hz, J2= 1 2Hz] 
AcOCH2(OAc), 4.15(1 H, dd[Ji=6Hz,J2=12Hz] AcOCH2(OAc), 3.27-3.18 
(4 H. m, NCH2), 2.33 (2H , t, CW2CO). 2.19-2,04 (2H+15H . t+5s, 
CH2CO + acetates), 1.6-1.1 (36H , tm. CH2). 

30 
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(F7) 



12-(Glucuronylamino)dodecanoic acid 



HI 



OH OH O 9 
IO..xk^A^^(CH2)ii^^ 



OH OH H 



OH 



5 



To a solution of d-gluconolactone (1.654 g, 9.288 mmol) in dry methanol 
(50 ml) under argon was added 12-aminolauric acid (2.000g, 9.288 
mmol) in dry methanol (50 ml), followed by dry triethylamine (9.398g, 
92.88 mmol). The solution / suspension was heated at 80^C for two 
10 hours until all solids dissolved then left at room temperature overnight. 
Removal of the solvent yielded the desired product as a white insoluble 
powder, a suspension of which was washed in water (100 ml) at QO^'C 
for two hours. Filtration and subsequent drying under vacuum yielded 
the title compound (3.81 7g, 83%) as a pure white solid. I.R. 1561cm"^ 



15 (CO2'), 1626cm-'> (CONH, CO2-). 5h(CD30D) 1 .0-1.7 (18 H. br m, 
(CH2)9CH2C02), 2.11 (2 H. t, CH2CO2). 3.20 (2 H, t. CH2N), 3.5-3,9 
(4 H, m, CH2OH), 4.05, 4.25 (2 H, 2xbr, CH2OH). dc(CD30D) 11.6, 
29.4, 32.0 (9 C. (CH2)9CH2C02). 41.0, 42.5 (2 C. CH2NH, CH2CO2). 
66.0 (1 C, CH2OH), 73.7. 74.4, 75.6. 76.8 (4 C. CHOH). 



25 To F7 (1.739 g, 3.515 mmol) dissolved in dry pyridine (10 ml) under 
argon was added acetic anhydride (10 ml). The solution was left 
overnight at room temperature and water (10 ml) slowly added to 
decompose any anhydride. The solution was extracted exhaustively 
with dichloromethane and this organic fraction washed (4 x 20 mlHCI, 

30 pH3, and 4 x 20 ml water), dried (MgS04) and the solvent removed to 
quantitatively yield the title compound as a pale yellow solid/gum, 
alumina tic r.f 0.1 (10% methanol in dichloromethane). C28H45NO13 
requires 603.29. Found ES+: MH+ 604.31. ES-: (M-H+)- 602.37. 
6h(CDCI3) 1.08 (15 H. br, Me). 1.27, 1.42 (4 H, 2xm. (CH2)2(CH2)4 



20 



(F8) 



12-(Peracetylglucuronylammo)dodecano!c acid 




AcOAcO H 
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CO2H). 1.75-2.05 (14 H, br.(CH2)4(CH2)2(CH2)3C02H). 2.14 (2 H, m. 
CH2CO2H), 3.00 (2 H, m, CH2NH). 3.90-4.15 (2 H, br. CH2O). 4.90. 
5.11, 5.26, 5.48 (4 H, 4xbr, CHO), 6.95 (1 H. NHCO). 5c(CDCl3) 19,6. 
19.9 (5 C, Me), 24.1. 26.1. 28.3. 28.5, 28.6, 28.7. 28,8. 33.3 (9 C, 
5 (CH2)9CH2C02H), 38.9(1 C, CH2CO2H). 53.1 (1 C, CH2N). 60.8(1 C. 
CH2O), 68.1, 68.4. 68,7. 71.3 (4 C. CHO), 165.8 (1 C, CONH). 168.6. 
169.1, 169.2. 169,9, 170.0 (5 C. COMe), 176.7 (1 C. CO2H). 



10 G, TWO UPlP CHAIN SYNTHESES 



This section contains the synthesis of; 



(G4)(RS)-A/-{1-[8-aminobutylamino-7-aminobutylaminomethyl) 
IS octylaminocarbonyl)-2-(peracetylgiucuronylaminotetra- 
cosanoylamino)ethyl}-24-(peracetylglucuronylamino)- 
tetracosanamide tetra(trifluoroacetate) salt 



20 




HOHO H 



O . 4CF3CO2H 



(G 1 ) (RS)-2,3-Afs(Peracetylglucuronylaminotetracosanoy I- 
amino)propanoic acid 



25 



30 




AcO\cO H 



To F2 (250 mg. 0.324 mmol) dissolved in anhydrous dichloromethane 
(10 ml) were added EDC hydrochloride (68 mg, 0.356 mmol) and N- 
hydroxysuccinimide (41 mg. 0.356 mmol) and the reaction left overnight 
under argon at room temperature. To this was added a solution of 2,3 
diaminopropionic acid hydrochloride (228 mg, 0.162 mmol) and DBU 
(148mg, 0.972 mmol) and the reaction stirred rapidly overnight.. The 
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solvent was removed and the residues taken up into hot water (20 ml). 
The solution was allowed to cool and acidified to pH 1 with 1M HCI. The 
resulting precipitate was filtered off, washed with water and dried under 
vacuum to yield the title compound as a buff coloured precipitate (249 
5 mg. 92%). C83H142N4O26 requires 1611.0. Found ES+: MNa* . 1633.4. 
MH+ , 1611.6. ES- (M-H+)- 1609.6. 6h (CDCI3) 1.24 (76H, br, 
(CH2)i9(CH2)2CO). 1.46 (4H. p, CH2CH2CO). 1.62 (4H. br. CH2CH2N), 
2,04-2.19 (30H, m, MeCO). 2,24 (4H, m. CH2CO). 3.23 (4H. m, CH2N), 
3.45. 3.85 (2H, 2 x m, CHCH2N), 4.12. 4,31 (4H. 2 x m, CH2OAC). 4.38 
10 (1H. m, CHCO2), 5.04 (2H, q, CHO AcC H 2OAC), 5.28 (2H. d, 
CHOAcCONH), 5.43, 5.66 (4H, 2 x t. (CHOAc)2CHOAcCH20Ac). 6.09 
(2H, t. CONH(CH2)23), 6.65 (1H, t. CH2NHCO(CH2)23). 7,76 (1H, d, 
CONHCHCO2H). 



15 



20 



(G2) (RS)-iV*(1*{8-[t-butyloxycarbonylaminobutyl(t-butyloxy- 
carbonyl)amino]-7-[t-butyloxycarbonylaminobutyl(t- 
butyloxycarbonyl)aminomethyl]octylaminocarbonyl}-2- 
(peracetylglucuronylammotetracosanoylamino) 
ethyl)-24-(peracetylglucuronylamino)tetracosanamide 



AcO" 

AcCAcO O 



Ac 



AcOVcO H 



^9£^NHBOC 



To G1 (240 mg, 0.149 mmol) in anhydrous dichloromethane (20 ml) were 
25 added EDC hydrochloride (40 mg, 0.208 mmol) and N- 
hydroxysuccinimide (19 mg, 0.164 mmol) and the reaction left overnight 
under argon at room temperature. To this was added B8 (112 mg, 0.156 
mmol) and triethylamine (90 mg, 0.893 mmol) and the reaction left for a 
further five hours. The solvent was removed and the residues purified by 
30 silica column chromatography (80% ethyl acetate in hexane) to yield the 
title compound (163 mg, 47%) as a colourless solid. C120H213N9O33 
requires 2308.5. Found ES+: MHNa2+ , 1167.5. MNa22*, 1177.5. 5h 
(CDCI3) 1.24 (84H. br, (CH2)i9(CH2)2CO. (CH2)4CH), 1.43 (54H. m. 
CH2CH2N, C(Me)3. CH2CH2CO). 2.0 (1H. br. CH). 2.0-2.3 (30H, m. 
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MeCO), 2.24 (4H, m, CH2CO). 2.95-3.35 (18H, m. CH2N), 3.45-3.80 (2H, 
m, CHCH2N), 4.1-4,35 (4H, m, CH2OAC). 4.40 (1H, m, CHCH2N), 5.03 
(2H. q, CHOAcCHzOAc). 5.16 (2H. d. CHOAcCO). 5.44, 5.54 (4H, 2 x t, 
(CH0Ac)2CH0AcC0). 6.10 (3H. br, CHCONH, NHCOCHOAc), 7.45, 7.60 
5 (2H, 2 X br. CONHCHCH2NHCO). 



(G3) (RS)-A7-(1-{8-[t-butyloxycarbonylammobutyl(t-butyloxy- 
carbonyl)amino]-7-[t-butyloxycarbGnylaminobutyl(t- 
10 butyloxycarbonyl)aminomethyl]octylaminocarbonyl}-2- 
(glucuronylaminotetracosanoylamino)ethyl)-24* 
(glucuronyiamino)tetracosanamide 



15 




HOHO H 



^^S^NHBOC 



BOC 



NHBOC 



To G2 (163 mg) dissolved in methanol (30 ml) was added concentrated 
ammonium hydroxide until the solution started to become cloudy 
(approximately 3 ml). The reaction was left for three hours but had not 

20 given total deacetylation and was precipitating out of solution. The 
solvent was removed, the residues taken up into 2:1 dichlorom ethane : 
methanol (60 ml) with heating and concentrated ammonium hydroxide 
added until the solution started to become cloudy (approx 10 ml). The 
reaction was left for a further six hours and the solvents removed to yield 

25 the title compound as an off white solid too insoluble for analysis and 
used crude in the next step. 
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(G4) (RS)-A^-{1-[8-aminobutylamino-7-(aminobutylamino- 
methyl)octylaminocarbonyl)-2-(peracetylglucuronyl- 
aminotetracosanoylamino)ethyl}-24-(peracetylglucuronyl- 
ammo)tetracosanamide tetra(trifluoroacetate) salt 




HOHO H 



O . 4CF3CO2H 



10 G3 (120 mg) was dissolved in 96:4 trifluoroacetic acid : dichloromethane 
(8 ml) and left for 20 minutes at room temperature. The solvent was 
removed, the residues taken up into water, filtered (0.45mm 
polypropylene) and freeze dried to give the title compound as a pale 
yellow solid (126 mg). C80H161N9O15 requires 1488.2. Found ES"*": 

15 745.4, MH*. 1489.3. 5h (D2O) 1.7-2.25 (94H, br. 

(CH2)2iCH2CO. (CH2)5CH), 2.38 (8H, br, NCH2(CH2)2CH2N), 2.80 (5H, 
br, CH, CH2CO). 3.65-3.95 (18H, m. NCH2). 4.11 (2H, br. CHCH2NH). 
4.2^.5 (8H, m. CHOH), 4.6 (1H. m, COCHNH), 4.7, 4.85 (4H, 2 x br, 
CH2OH). 

20 



H. SYNTHESES OF PROTECTED & UMPROTECTED 
CARBOHYDRATE LIPID TETRAMINES AMD 

HEXAMINES 

25 

This section contains the syntheses of: 
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CARBOHYDRATE LIPID TETRAMINES 

(H3) yv*[8-(aminobutylamlno)-7-(aminobutytaminomethyl)octyl]- 
24-(glucuronylamino)tetracosanamide tetra(trifluoroacetate) 
5 salt 



20 



HO HO O 
HO^AAJ<,sj-(CH2)2: 
HO HO H . 




10 (H6) iV-[8-(Aminobutylamino)-7-(aminobutylaminomethyl)- 
octyl]-1 8-(glucuronylamino)octadecanamide tetra 
(trifluoroacetate) salt 



HO HO O 

HO HO H H 

.4CF3CO2H 

15 

(H12) Af-[8-Aminobutylamino-7-(Aminobutylamin-o- 

methyl)octyl]-18-(g[ucuronylaminododecanoylamino)- 
dodecanamide tetra(trifluoroacetate) salt 




t.A i.A .'! H 

.4CF3C02H 




HO HO H 
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(H9) /tf-[8-(aminobutylamino)-7*(aminobutylaminomethyl)- 
octyi]-/V'-(glucuronyiaminoethyl)-4,8,13,17-tetramethyl- 
1,20-docosadiamide tetra(trifluoroacetate) salt 



HO OH O 




OH OH H 



4CF3CO2H 



10 (HIS) A/-[8-(aminobutylamino)-7-(aminobutylaniino- 
methyl)octylaminocarbonyltncosanyl]-/V'iAf'- 
<)/5(giucuronylaminoethyl)succinamide tetra 
(trifluoroacetate) salt 



OHOH r O O 

HoVvV'^ 4CF CO H " 

15 OH OHO .4CF3C02H 



20 



CARBOHYDRATE LIPID HEXAMINES 

(H18) /V-[8-(Amlnopropylaminobutylamino)-7-(amino- 

propylammobutylaminomethyl)octyl]-24-(glucuronyi- 
aniino)tetracosananiide. hexa(trifluoroacetate) salt 



HQ,!A!XJt^(CH2)23^ 
HO HO H H 



H 




NH2 



rvT-^NHs 

H 



.6CF3CO2H 



25 
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(H21) /tf-[8-(aminopropylaminobutylamino)*7-(aminopropyl- 
aminobutylaminomethyl)octyl]-18-(glucuronylamino)- 
octadecanamide. hexa(trifluoroacetate) salt 



HO HO H 




(H24) /\/-[8-(aminopropylaminobutylamino)-7-(aminopropyl- 
aminobutylaminoniethyl)octyl]-A/'-(glucuronyi« 
10 aminoethyl)-4,8,13,17-tetramethyl-1,20-docosadiamide 
hexa(trifluoroacetate) salt 



H y 




OH OH H O I I H ^'S^^^^N 

.6CF3CO2H ^ H 



15 

(H27) A^-[8-(Aminopropylaminobutylamino)-7-(aminopropyl- 
butylaminomethyl)octyl]-12-(glucuronylamino- 
dodecanoylamino)dodecanamidehexa(trifiuoroacetate) 
salt 

20 



NH2 



HO HO O ^ 
HasAsjAsjAj^(CH2) 1 1 C0NH(CH2)ii V 
HO HO H ^ 

.6CF3CO2H 
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5 



(H20) /\/-[8-(Methylaminopropylaminobutylamjno)-7-(methyi- 
aminopropylaminobutylaminomethyl)octylaminocarbonyl 
trico5anyl}-A/',A^-A/s(glucuronylaminoethyl)succinamide 



OH OH 



O O ^ 



OH OHO 



. 6CF3C02H 



H H H 



10 

(H33) yV-[8-(methylaminopropylaminobutylamino)-7« 

(methylaminopropylaminobutylammomethyl)octyl]-24- 

(glucuronylamino)tetracosanamide 



K-s^ NHMe 

OHOhS u 'hi^ 

15 " H 



(H36) A^-[8-(l\/lethylaminopropylaminobutylamino)-7- 
(methylaminopropylaminobutylaminomethyi)octyl]-24" 
20 (glucuronylaminododecanoylamino)tetracosanamide 



OHOHjjJ^^^^^^^^^^ Id JL-v. NHMe 

OHOHO 



25 (H38) 



H ^ 

NHMe 



OHOHH 
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CARBOHYDRATE LIPID TETRAMINES 
C24 tetramine 

(H1) A/-{8-[t-Butyloxycarbonylaminobutyl(t-butyloxy- 
S carbonyl)amino]-7-[t-Butyloxycarbonylaminobutyl(t- 
butyloxycarbonyl)aminomethyl]octyl}-24- 
(peracetylglucuronylamino)tetracosanamide 




.NHBOC 
NHBOC 



10 

N-Methylmorpholine (0.12ml, 1.1mmol) was added to a stirred solution of 
F2 (0.771 mg, Immol) in dry dichloromethane (10ml) at room temperature 
under argon. After a few minutes N-hydroxysuccinimide (127mg. 
1. Immol) was added followed by EDC (270mg, 1.4mmol). the reaction 

15 was stirred overnight (tic showed conversion to the active ester). A 
solution of B8 (860mg, 1.3mmol) and triethylamine (0.7ml, 5.5mmol) in 
dry dichloromethane (5ml) was added dropwise and stirring continued for 
two hours. Tic showed the active ester had been converted to a slower 
moving product (silica-60% ethyl acetate in hexane). The solvent was 

20 removed and the product chromatographed (silica-60% ethyl acetate in 
hexane) to yield the title comoound (1.25g, 70%). C77H140N6O20.H2O 
requires C:62.53%, H: 9.54%, N: 5.61%. Found: C: 62.53%, H: 9.52%. N: 
5.69%. C77H-140N6O20 requires 1469. Found ES+: MH* 1470. 5h 
(CDCI3) 6.07 (1 H. brt. CONH). 5.67 (1 H. t, CH (OAc)CH(OAc)CONH). 

25 5.43 (1 H, t, CH(OAc)CH(OAc)CH(OAc)CONH). 5.30 (1 H, 
m,CH(OAc)CONH). 5.05 (1 H, m AcOCH2(OAc)CH), 4.31 (1 H, 
dd[Ji=4H2,J2=12Hz] AcOCH2(OAc), 4.13(1 H. dd[Ji=6Hz,J2=12Hz] 
AcOCH2(OAc). 2.9-3.4 (16 H, m, NCH2). 2.0-2.3 (17 H. m. CH2CO), 1.2- 
1,7(96 H, dm. CH2), 

30 
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(H2) /V-{8-[t-Butyloxycarbonylaminobutyl(t-butyloxy- 

carbonyl)-amino]-7-[t-Butyloxycarbonylaminobutyl(t- 
butyloxycarbonyl)aniinomethyl]octyl}-24-(glucuronyl- 
ammo)tetracosanamide 



HO HO O 



NHBOC 




HOHO H M BOc"^^^^^^ 



A solution of potassium carbonate (431 mg, 3.12mmol) in water (2ml) was 
10 added dropwise to a stirred solution of H1 (905mg, 0.61 mmol) in 
methanol (15ml) at room temperature. TTie flask was stirred for 20min 
whereupon tic showed no starting material was present. Water was 
added and the precipitate filtered, washed and dried. The product was 
purified by chromatography (silica-15% methanol in dichloromethane) to 
15 yield the title compound (445mg,57%). C67H-130N6O15 requires 1259. 
Found ES+: MH"" 1260. ShCCDsOD) 3.6-4.2 (6 H, m, sugar), 3.0-3.4 
(16H, m. CH2N ), 2.15 (3 H. t. CH2CO). . 2.05 (1 H, m, CH2CH(CH2)2). 
1.2-1.7 (96 H, m,CH2), 



20 (H3) A/-[8-(aminobutylamino)-7-(aminobutylaminomethyl)- 
octyl]-24-(glucuronylamino)tetracosanamide tetra- 
(trifluoroacetate) salt 




A solution of the H2 (445mg, 0.353mmol) in 96% TFA (4% water) was 
stirred for 30mins at room temperature. The TFA was removed under 
vacuum, and traces removed by evaporation of water. The title 
compound was obtained as a colourless solid by lyophilisation. 400mg, 
30 86%. C55H102N6O15F12. I .6H2O requires C:46.95%. H: 7.34%, N: 
5.76%. Found: C: 46.99%, H: 7.17%. N: 5.82%. The free base 
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C47H95N6O7 requires 858.7. Found ES+: MH* 859.7. 5h (CD3OD) 3.6- 
4,2 (6 H, m. sugar), 3.0-3.4 (16H. m. CH2N ). 2,0-2.2 (2 H, t. CH2CO). 1.2- 
1.7 (96 H. m,CH2). 

5 C18 Tetramine 

(H4) A/-{8*[t-Butyloxycarbonylaminobutyl(t-butyloxycarbonyl)- 
amino]-7-[t-Butyloxycarbonylaminobutyl(t-butyloxy- 
carbonyl)aminomethyl]octyl}-18-(peracetylglucuronyl- 
amino)octadecanamide 



N-Methylmorpholine (0.12ml, l.lmmol) was added to a stirred solution of 
F4 (687mg, Immol) in dry dichloromethane (20ml) at room temperature 

15 under argon. A few minutes later N-hydroxysuccinimide (127mg, 
1. Immol) was added followed by EDC (270mg, 1.4mmol), the reaction 
was stirred overnight (tic showed conversion to the active ester). A 
solution of B8 (394mg, 0.55mmol) and triethylamine (0.35ml, 5.5mmol) in 
dry dichloromethane (4ml) was added dropwise and stirring continued for 

20 two hours. Tic showed the active ester had been converted to a slower 
moving product (silica-60% ethyl acetate in hexane). The solvent was 
removed and the product chromatographed (silica-60% to 80% ethyl 
acetate in hexane) to yield the title comoound (533mg. 80%). 
C61H128N6O152/3H2O requires C: 61,01%, H: 9.33%, N: 6.01%. Found: 

25 C: 61.05%, H: 9.32%, N: 5,87%. C61H128N6O20 requires 1384.9. Found 
ES+: MH* 1386.3. 5h(CDCI3) 6.07 (1 H, brt, CONH ), 5.85 (1 H, br, 
CONH), 5,67 (1 H, t. CH (OAc)CH(OAc)CONH), 5.43 (1 H, t, 
CH(OAc)CH(OAc)CH(OAc)CONH), 5.30 (1 H, m,CH(OAc)CONH), 5.05 (1 
H, m AcOCH2(OAc)CH), 4.65 (2 H, br, 2xNH ), 4.31 (1 H. dd 

30 [Ji=4Hz,J2=12H2] AcOCH2(OAc), 4.13 (1 H. dd[Ji=6Hz,J2=12H2] 
AcOCH2(OAc), 2.9.3.4 (16 H, m, NCH2), 2.0-2.3 (17 H, m, MeCO + 
CH2CO). 1.2-1.7(84 H, dm. CH2). 




90c 



NHBOC 
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(H5) Af-{8-[t-Butyloxycarbonylaminobutyl(t-butyloxycarbonyi)- 
amino]-7-[t-Butyloxycarbonylaminobutyl(t-butyloxy- 
carbonyl)aminomethyl]octyl}-18-(glucuronyfamino)- 
5 octadecanamide 



25 



HO HO 9 



l^(CH2)i 




NHBOC 



HOHO H " g^^^NHBOC 



A solution of potassium carbonate (207mg. 1,5mmol) in water (1ml) was 
10 added dropwise to a stirred solution of H4 (415mg, 0.3mmol) in methanol 
(12ml) at room temperature. The flask was stirred for 30mins whereupon 
tic showed no starting material was present. Amberlite CG50 (4g wet) 
was added and the resin filtered, washed with methanol and dried. The 
product was purified by chromatography (silica«10% methanol in 
15 dichloromethane) to yield the title compound (190mg, 54%). 
C61H118N6O153/5H2O requires C: 61,75%. H: 10.13%, N: 7.081%. 
Found: C: 61.755%. H: 10.06%. N: 6.95%. CeiHusNeOis requires 
1174.9. Found ES+: MH* 1176.0. 5h (CD3OD) 3.6-4.2 (6 H, m, sugar).. 
3.0-3.4 (16H. m. CH2N ). 2.15 (2 H. t, CH2CO), 2.06 (1 H, m. 
20 CH2CH(CH2)2. 1 .2-1 .7 (84 H, m.CH2). 

(H6) A/-[8-(Aminobutylammo)-7-(aminobutylaminomethyl)- 
octyl]-1 8-(glucuronylamino)octadecanamide tetra- 
(trifluoroacetate) salt 



^ NH2 



HO HO O 9 M^-"^^ 

HO HO H H fJk^^-x^ 

.4CF3CO2H 



H ^^"2 



A solution of H5 (190mg. 0.16mmol) in 96% TFA (4% water) was stirred 
for 30mins at room temperature. The TFA was removed under vacuum, 
30 and traces removed by evaporation of water. The title compount^ was 
obtained as a colourless hygroscopic solid (190mg. 95%) by 
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lyophilisation. C49H90N6O15F12 2H2O ( Mwtanhydrous = 1230) requires 
C:46.95%. H: 7.34%. N: 5.76%. Found: C: 46.99%, H: 7.17%. N: 5.82%. 
The free base C41H86N6O7 requires 774. Found ES+: MH* 775. 5^ 
(CD3OD) 3.6-4.25 (6 H. m. sugar). 2.9-3.4 (16H, m. CH2N ). 2.15 (2 H, t. 
5 CH2CO), 2.23 (1 H. m. CH2CH(CH2)2), 12-1 .9 (84 H, m. CH2). 



Bixin tetramine 

(H7) /V-{8-[t-ButyloxycarbonylaminobutyI(t-butyloxycarbonyl)- 
amino]-7-[t-butyloxycarbonylaminobutyl(t-butyloxy- 
10 carbonyl)aminomethyl]octyl}-W-(peracetylglucuronyl- 
aminoethyl)-4,8,13,17-tetramethyi-1,20-docosadiamide 



Boc 



Boc 



AcO AcO O 



AcO, 




AcO OAc H 



IS N-Methylmorpholine (0.16ml. 1.47mmol) was added to a stirred solution 
of F5 ( 1.04g, 1.33mmol) in dry dichloromethane (20ml) at room 
temperature under argon. A few minutes later N-hydroxysuccinimide 
(170mg. 1.47mmol) was added followed by EDC (282mg, 1.47mmol), the 
reaction was stirred overnight (tic showed conversion to the active ester). 

20 A solution of B8 (520mg, 1.45mmol) and triethylamine (0.46ml, 
3.35mmol) in dry dichloromethane (10ml) was added dropwise and 
stirring continued for two hours. Tic showed the active ester had been 
converted to a slower moving product (silica-60% ethyl acetate in 
hexane). The solvent was removed and the product chromatographed 

25 (silica-5% methanol in dichloromethane) to yield the title compound 
(810mg. 60%). C79H143N7O21 requires C: 62.14%, H: 9.44%. N: 6.42%. 
Found: C: 61.76%, H: 9.42%, N: 6.35%. C79H143N7O21 requires 1526. 
Found ES+: MH* 1527.1. 5h (CDCI3) 7.15 (1 H, br. CONH), 6.47 (1 H, br, 
CONH). 5.95 (1 H, br, CONH), , 5.67 (1H. t, CH(OAc)CH(OAc)CONH). 

30 5.43 (1 H, t, CH(OAc)CH(OAc)CH(OAc)CONH). 5.30 (1 H. 
m.CH(OAc)CONH), 5.05 (1 H. m AcOCH2(OAc)CH), 4.65 (2 H. br. 2xNH ). 
4.31 (1 H, dd[Ji=4H2,J2 = 12Hz] AcOCH2(OAc). 4.13 (1 H, 
dd[Ji=6Hz.J2=12Hz] AcOCH2{OAc). 4.70 (2 H. br. CONH). 2.9-3.5 (18 
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H. m, NCH2). 2.0-2.3 (21 H. m, MeCO + CH2CO). 1.0-1,7(82 H. dm. 
CH2), 0.8-0.9(12 H. 4 xs, Me). 



(H8) Ar-{8-[t-Butyloxycarbonylaminobutyl(t-butyloxycarbonyl)- 
aniino]-7-[t-butyloxycarbonylaminobutyl(t-butyioxy- 
carbonyl)aminoniethyl]octyl}-Af'-(glucuronylammoethyl)- 
4,8,13,17-tetrarnethyM,20-docosadiamtde 

Boc 

HO OH O ^ ^N^-^sX-^NH 

HO^ 




10 



15 



20 



A solution of potassium carbonate (372mg, 2.7mmol) in water (1ml) was 
added dropwise to a stirred solution of H7 (790mg, 0.52mmol) in 
methanol (12ml) at room temperature. The flask was stirred for 30min 
whereupon tic showed no starting material was present. Amberlite ® 
CG50 (5g wet) was added and the resin filtered, washed with methanol & 
dried. The product was purified by chromatography (silica-10%-20% 
methanol in dichloromethane) to yield the title compound (230mg, 72%). 
C69H133N7O16 requires 1315,9. Found ES+: MH* 1317.0. ShCCDsOD) 
3.6-4.3 (6 H. m. sugar), 3.0-3.4 (18H, m. CH2N ), 2.0-2.3 (6 H, m, CH2CO), 
1.0-1.7 (81 H. m, alkane, 0.8-1.0 (12H, 4xs.Me). 

(H9) A^-[8-(aminobutyiamino)-7-(aminobutylamino- 

methyl)octyl]-/V'-(glucuronylaniinoethyl)-4,8,13,17- 
tetramethyl-1,20-docosadiamide tetra(tnfluoroacetate) 
salt 



OH O 




OH OH 



25 



4CF3C02H 



A solution of H8 (180mg, 0.137mmol) in 96% TFA (4% water) was stirred 
for 30min at room temperature. The TFA was removed under vacuum, 
and traces removed by evaporation of water. The title compound was 
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Obtained as to a colourless hygroscopic solid (170mg, 91%) by 
lyophilisation. The free base C4gHioiN706 requires 915.8 (salt 
C57Hio5Fi2N70i6=1371). Found ES+: MH* 917.1. 5h (CD3OD) 3.6- 
4.25 (1+1 +4H. 3xm. sugar). 2.9-3.4 (4+8+4H, 3xm. CH2N ), 2.1-2.35 (5 H, 
5 m, CH2CO+CH2CH(CH2)2). 10-2.0 (44 H, m, alkane), 0.8-1,0 (12 H. 4xs. 
Me). 



C24 Amide Tetramine 
10 (H10) A/-{8-[t-Butyloxycarbonylaminobutyl(t-butyloxycarbonyl) 
amino]-7-[t-butyloxycarbonylaminobutyl(t-butyloxy- 
carbonyl)aminomethyl]octyl}-12-(peracetylglucuronyl- 
aminododecanoylamino)dodecanamide 




.NHBOC 
NHBOC 



DBU (0.05ml, 0.36mmol) was added to a stirred suspension of F6 
(264mg, 0.33mmol) in dry dichloromethane (4ml) at room temperature 
under argon. After a few minutes N-hydroxysuccinimide (38mg, 

20 0.33mmol) was added followed by EDC (63mg, 0.33mmol), the reaction 
was stirred overnight (tic showed conversion to the active ester). A 
solution of B8 ( 260mg, 0.36mmol) and DBU(G.1ml. 0.66mmol) in dry 
dichloromethane (4ml) was added dropwise and stirring continued for 
two hours. Tic showed the active ester had been converted to a slower 

25 moving product (silica-60% ethyl acetate in hexane). The solvent was 
removed and the product chromatographed (silica-2% to 5% methanol in 
dichloromethane) to yield the title compound (376mg, 76%). 
C77H139N7O21 requires 1498.0. Found ES+: MH* 1499.0 5h (CDCI3) 
6.15(1 H. brt. CONH). 5.92(1 H. br, CONH). 5.75(1 H. br, CONH), 4.7 (2 

30 H, br, 2xC0NH ) 5.67 (1 H, t, CH (OAc)CH(OAc)CONH), 5.43 (1 H, t, 
CH(OAc)CH(OAc)CH(OAc)CONH), 5.30 (1 H, m.CH(OAc)CONH), 5.05 (1 
H, m AcOCH2(OAc)CH), 4.31 (1 H, dd[Ji=4Hz,J2=12H2] AcOCH2(OAc), 
4.13 (1 H. dd[Ji=6Hz,J2=12Hz] AcOCH2(OAc), 3.0-3.3 (20 H, m. NCH2). 
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2.0-2.3 (18 H. m. MeCO + CH2CO+CH2CH(CH2)2). 1.2-1.7(90 H. dm. 
CH2+Me). 

(H1 1 ) f/-{8-[t-Butyloxycarbonylami nobutyl(t-buty loxy- 
S carbonyl)amino]-*7-[t-butyloxycarbonylammobutyl(t- 
butyloxycarbonyl)aminomethyl]octyl}-12- 
(glucuronylammododecanoylamino)dodecanamide 



10 



NHBOC 



HO HO 

Ha,^,A.^iv^^(CH2)iiCONH(CH2)ii 




HOHO H " BOC^^"^^^ 



Ammonia solution (20ml, 0.880) was added to a stirred solution of HID 
(370mg, 0.25mmol) in methanol (20ml) at room temperature. The flask 
was stirred for 30m in and evaporated to dryness. The white solid was 
suspended in water, filtered off and dried. The product was 

15 chromatographed (Reverse phase silica, Merck-Lichroprep eluted with 
dichloromethane/methanol/water [2:6:1]) The product was evaporated to 
dryness and triturated with ether. High vacuum yielded the title 
compound (234mg) as a white solid. C67H129N7O16 requires 1287.9. 
Found ES+: MH-" 1288.9. 5h (CD3OD) 3.6-4.2 (6 H, m, sugar). 3.0-3.4 

20 (18H, m, CH2N ), 2.15 (4 H. t. CH2CO), 2.06 (1 H, m, CH2CH(CH2)2. 1.2- 
1.7(90H. m, CW2+Me). 

(H12) A/-[8-(Aminobutylamino)-7-(aminobutylaminomethyl)- 
octyl]-12-(glucuronylaminododecanoyiamino)- 
25 dodecanamide tetra(trifluoroacetate) salt 

HO HO H " 

.4CF3CO2H 




A solution of H11 (260mg, 0.18mmol) in 96% TFA (6ml, 4% water) was 
30 stirred for 30min at room temperature. The TFA was removed under 
vacuum, and traces removed by evaporation of toluene/water. The 
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compound was subjected to high vacuum overnight, dissolved in water 
(5ml) and filtered through a 0.45^M (Whatman PP) filter The compound 
was converted to a colourless solid by lyophilisation. The lyophilised 
hygroscopic solid was triturated with ether and dried in vacuo to yield the 
5 title compound (287mg. 100%). C47H97N7O8 . C8H4O8 F12. 3.25H20 
(Mwt anhydrous=1 344.4) requires C:47,09%, H: 7.72%, N: 6.99%. Found: 
C: 49.14%, H: 7.57%. N: 7.29%. The free base C47H97N7O8 requires 
887.7. Found ES+: MH-" 888.7. 8h (D2O) 3.6-4.25 (6 H. m, sugar), 2.9-3.4 
(18H. m. CH2N ), 2.15 (4 H, dt. CH2CO), 2.23 (1 H, m, CH2CH(CH2)2). 
10 1.2-1.9 (54 H.m, CH2). 

DISUGAR TETRAMINES 

(H13) A/-{8-[t-Butyloxycarbonylammobutyl(t-butyloxy- 

carbonyl)amino]-7-[t-butyloxycarbonylaminobutyl(t- 
15 butyloxycarbonyl)aminomethyl]octylaminocarbonyltricos 



C4 (259 mg, 0.254 mmol), EDC hydrochloride (101 mg, 0.528 mmol) and 
N-hydroxysuccinimide (46 mg, 0.396 mmol) were dissolved In anhydrous 
dichloromethane (20 ml) and activated ester formation left at room 
temperature for two hours under argon. To the solution was added E2 

25 (300 mg, 0.277 mmol) and triethylamine (80 mg. 0.792 mmol) and the 
reaction left overnight at room temperature under argon. The solvents 
were removed, and the resulting residues purified by gradient silica 
column chromatography (3-7% methanol in dichloromethane) to yield the 
title compound as a colourless solid (350 mg, 65%). C101H175N9O33 

30 requires 2042.2. Found ES+: MH"" , 2043.4, MNa'' , 2065.5, MK"" , 
2081.4. 6h(CDCI3) 1.24 (48H, br, (CH2)20CH2CO, (CH2)4CH), 1.43 
(48H, br, (Me)3C, CH2CH2N). 2.03-2.23 (30H, 10 x s. MeCO). 2.19 (2H. t. 
(CH2)22CH2CO), 2.3-2.8 (4H. brm. (CH2)2CO), 3.0-3,4 (24H. brm, CH2N). 
4.10 (2H. m. CH2OAC). 4.31 (2H. m, CH2OAC). 4.65 (2H. br, NHCO2). 



anyl}-Af',yV -A/s(peracetylglucuronylaminoethyl) 
succinamide 




AcOVcO O 
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5.05 (2H. m, CHCH2OAC), 5.21, 5.25 (2H, 2 x d. CHCON), 5.44. 5.66 (4H. 
2 X m, (CHOAc)2CHOAcCH20Ac). 5.75 (1H. br. (CH2)23CONH), 6.48 
(1H, br. (CH2)2CONH), 7.21, 7.70 (2H. 2 x t, N(CH2CH2NHCO)2). 

5 

(H14) iV-{8-[t-Butyloxycarbonylamlnobutyl(t-butyloxy- 

carbonyl)amino]-7-[t-butyloxycarbonylaminobutyl(t- 

butyloxycarbonyl)aminomethyl]octyiammocarbonyltricos 

anyl}-A/',yV'-£>/s(glucuronylaminoethyl)succinamide 



To H13 (349 mg) in methanol (20 ml) was added concentrated 
ammonium hydroxide (5 ml). The cloudy solution / suspension was 

15 rapidly stirred for two hours whereupon the solvent was removed and the 
resulting residues purified by reverse phase silica chromatography 
eluting with 2:6:1 dichloromethane: methanol: water to yield the title 
compound as a colourless solid (238 mg, 86%). C8iHi55N9023 requires 
1622.1 Found ES+: MH22^ , 812.4. MHNa2+ , 823.7, ES": MCh . 1657.3. 

20 6h (CD3OD) 1.28 (46H, br, (CH2)i9(CH2)2CO. (CH2)4CH), 1.44 (50H, m, 
(Me)3C, CH2CH2N), 2.03 (1H, br, CH), 2.16 (2H, t. (CH2)22CH2CO), 2.49 
(2H, t, CH2CONH), 2.70 (2H, m, CH2CON), 3.0-3.3 (16H, m. CH2NBOC), 
3.4-3.6 (8H, m, N(CH2)2N). 3.6-3.85 (8H. m, CHOH). 4.11 (2H. m, 
CH2OH), 4.19, 4.22 (2H, 2 x d. CH2OH). 




OH OHO 
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10 



15 



(HIS) /V-[8-(aminobutylamino)-7-(aminobutylaminomethyl)- 
octylaminocarbonyltricosanyl]-Ar',Af -A/s(glucuronyl- 
aminoethyl)succinaniide tetra(trifluoroacetate) salt 



To H14 (234 mg) was added 96:4 trifluoroacetic acid : dichloromethane 
(10 ml). The solution was left for 20 minutes at room temperature, the 
solvents removed and the residues taken up into MilliQ water. The 
solution was filtered (0.45 mm polypropylene) and freeze dried to give a 
white solid. This was suspended in diethyl ether, left for 20 minutes and 
the ether decanted off. The remaing white solids were dried under 
vacuum to give the title compound as a white, hydroscopic solid (226 



mg). C61H123N9O15 requires 1221.9 Found ES+: , 612.0, MH+. 

1222.9. 5h (D2O) 1.29 (44H. br, (CH2)i9(CH2)2CO. (CH2)3CH2CH), 1.49 
(8H, brm. CH2CH, CH2CH2CO, CH2CH2NHCO), 1.78 (8H, br, 
NCH2(CH2)2CH2N), 2.21 (3H, br, CH), 2.51, 2.72(4H, 2 x t, 
CO(CH2)2CO). 3.0-3.3 (16H, m, CH2N). 3.3-3.65 (8H. m, N(CH2)2N). 
3.65-3.95 (8H, m. CHOH), 4.10. 4.30 (4H, 2 x br, CH2OH). 
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CARBOHYDRATE LIPID HEXAMINES 
C24 Hexamine 

(H16) Af-{8-[t-Butyloxycarbonylaminopropyl(t-butyloxy- 

carbonyl)aminobutyl(t-butyloxycarbonyl)amino]-7-[t- 
S butyloxycarbonylaminopropyl(t-butyloxycarbonyl)- 

aminobutyl(t-butyloxycarbonyl)aminomethylloctyl)-24- 
(peracetylglucuronylaniino)tetracosanamicle 



10 



AcOAcO 



AcOAcO H ^ ^^^'^-^'''''^^-'^ 

Boc 



N-Methylmorpholine (0.06ml, 0.57mmol) was added to a stirred solution 
of F2 (400mg, 0.52mmol) in dry dichloromethane (10ml) at room 
temperature under argon. After a few minutes N-hydroxysuccinimide 
(66mg, 0.57mmol) was added followed by EDC (109mg, 0.57mmol), the 

15 reaction was stirred overnight (tic showed conversion to the active ester). 
A solution of B16 (640mg, 0.622mmol) and triethylamine (0.36ml. 
2.6mmol) in dry dichloromethane (5ml) was added dropwise and stirring 
continued for two hours. Tic showed the active ester had been converted 
to a slower moving product (silica-60% ethyl acetate in hexane). The 

20 solvent was removed and the product chromatographed (silica-66% ethyl 
acetate in hexane) to yield the title compound (400mg, 58%). 
C93H170N8O24 requires 1783.23. Found ES+: MH"*" 1785.4. 
C93H170N8O24 requires C:63.33%, H: 10.24%, N: 7.12%. Found: C: 
63.41%. H: 10.57%. N: 6.98%. 6h (CDCI3) 6.07 (1 H. brt, CONH ), 5.6 (1 

25 H. brt. CONH). 5.67 (1 H, t. CH (OAc)CH(OAc)CONH). 5.43 (1 H, t. 
CH(OAc)CH(0Ac)CH(0Ac)CONH), 5.30 (1 H, m,CH(OAc)CONH), 5.05 (1 
H, m AcOCH2(OAc)CH). 4.31 (1 H. dd[Ji=4Hz.J2=12Hz] AcOCH2(OAc). 
4.13 (1 H. dd[Ji=6Hz,J2=12H2] AcOCH2(OAc), 2.9-3.4 ( 24 H, m. NCH2). 
2.0-2.3 (17 H. m. CH2CO+5xacetate). 2.23 (1 H. m. CH2CH(CH2)2), 1.2- 

30 1.8(118H. dm, CH2+Me). 
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(H17) /V-{8-[t-Butyloxycarbonyiaminopropyl(t-butyloxy- 

carbonyl)aminobutyl(t-butyloxycarbonyl)amino]-7-[t* 
butyloxycarbonylaminopropyl(t-butyloxycarbonyl)* 
5 aminobutyl(t-butyloxycarbonyl)aminomethyl]octyl}-24- 
(glucuronylamino)tetracosanamide 

HO HO ^ 




HO HO H H ^S-^^-^^^^-^NHBoc 

Boc ^ 
Boc 



10 A solution of potassium carbonate (186mg, 1.26mmol) in water (1ml) was 
added dropwise to a stirred solution of H16 (380mg, 0,21 mmol) in 
methanol (7ml) at room temperature. The flask was stirred for 30mins 
whereupon tic showed no starting material was present. Water (20ml) 
was added and the precipitate filtered, washed and dried. The product 

15 was purified by chromatography (Reverse phase silica, Merck 
Lichroprep-15% methanol in dichloromethane) to yield the title 
compound (445mg,57%). CsaHieoNaOu requires C:63.33%, H: 
10.24%, N: 7.12%. Found: C: 63.41%, H: 10.57%, N: 6.98%. 
oCeyHiaoNeO^s requires 1573.18, Found ES+: MH* 1574.3. 5h(CD30D) 

20 3.6-4.2 (6 H. m, sugar). 3.0-3.4 (24H. m, CH2N ), 2.15 (3 H. t, CH2CO), 
2.05 (1 H, m. CH2CH(CH2)2)i 1-2-1.7 (118 H, m, CH2+ Me), 
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(H18)A/-[8-(Aminopropylaminobutylamino)-7-(aniinopropyl- 
aminobutylaminomethyl)octyl]-24-(glucuronyl- 
amino)tetracosanamide hexa(trifluoroacetate) salt 



A solution of H17 (245mg, 0.353mmol) in 96% TFA (10ml, 4% water) 
was stirred for 30min at room temperature. The TFA was removed under 

10 vacuum, and traces removed by evaporation of water. The title 
compound was cobtained as a colourless hygroscopic solid (400mg, 
86%) by lyophilisation. C65H118N8O19F18.2CF3CO2H requires 
C:43.95%, H: 6.42%, N: 5.94%. Found: C: 47.10%, H: 7.18%, N: 6.76%. 
The free base C53H112N8O7 requires 972.86. Found ES+: MH* 973.9. 

15 8h (CD3OD) 3.6-4.2 (6 H, m, sugar), 3.0-3.4 (24H, m. CH2N ). 2.0-2.2 (7 
H.m. CH2CO+CH2CH(CH2)2+CH2CH2NH2 ).1.2-1.7 (60 H, m.CH2). 



CI 8 Hexamine 

20 (H19) /y/-{8-[t-Butyloxycarbonylaminopropyl(t-butyloxy- 



5 



Hi 




H 



r 

H 

.6CF3CO2H 



carbonyl)aminobutyl(t-butyloxycarbonyl)amino]-7-[t- 
butyloxycarbonylaminopropyl(t-butyloxycarbonyl)- 
aminobutyl(t-butyloxycarbonyl)aminomethyl]octyl}-18- 
(peracetylglucuronylamino)octadecanamide 



25 




60c 



AcO, 



Boc 



Boc 



N-Methylmorpholine (0.05ml. 0.42mmol) was added to a stirred solution of 
F4 (260mg, 0.38mmol) in dry dichlorom ethane (8ml) at room temperature 
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under argon. A few minutes later N-hydroxysuccinimide (48mg, 0.42mmol) 
was added followed by EDC (lOOmg, 0.42mmol). the reaction was stirred 
overnight (tic showed conversion to the active ester). A solution of B16 
(506mg. 0.49mmol) and triethyiamine (0.3ml, 1.89mmol) in dry 
5 dichloromethane (6ml) was added dropwise and stirring continued for two 
hours. Tic showed the active ester had been converted to a slower moving 
product (silica-60% ethyl acetate in hexane). The solvent was removed 
and the product chromatographed (silica-70% ethyl acetate in hexane) to 
yield the title compound (420mg, 65%). C87H158N8O24.2H2O requires 

10 C:60.18%, H: 9.41%, N: 6.45%. Found: C: 60.18%, H: 9.25%, N: 6.55%. 5h 
(CDCI3) 6.07 (1 H. brt, CONH), 5.67 (1 H, t, CH(OAc)CH(OAc)CONH), 5.43 
(1 H. t. CH(OAc)CH(0Ac)CH(OAc)C0NH), 5.30 (1 H, m,CH(OAc) CONH). 
5.05 (1 H. m AcOCH2(OAc)CH), 4.31 (1 H. dd[Ji=4Hz,J2=12Hz] 
AcOCH2(OAc). 4.13(1 H, dd[Ji=6Hz,J2=12H2] AcOCH2(OAc). 2.9-3.4 

15 (24 H, m, NCH2). 2.0-2.3 (17 H. m. CH2CO+5x.acetate). 1,95 (1 H. m. 
CH2CH(CH2)2). 1.2-1.8 (106 H. tm, CH2+ Me). 



(H20) A^-{8-[t-Butyloxycarbonylaminopropyi(t-butyloxy- 
20 carbonyl)aminobutyl(t-butyloxycarbonyl)amino]-7-[t- 
butyloxycarbonylammopropyl(t-butyioxycarbonyl)- 
aminobutyl(t-butyloxycarbonyl)aminomethyl]octyl}-18 
(glucuronylamino)octadecanamide 



A solution of potassium carbonate (178mg, 1,28mmol) in water (1ml) was 
added dropwise to a stirred solution of HIS (420mg, 0.25mmol) in 
methanol (7ml) at room temperature. The flask was stirred for 30min 
30 whereupon tic showed no starting material was present. Water (20ml) 
was added and the precipitate filtered, washed and dried. The product 
was purified by chromatography (Reverse phase silica, Merck Lichroprep 
- dichloromethane/ methanol /water (2:6:1] ) to yield, after trituration, with 



25 
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ether the title compound (220mg,60%). CeyHisoNeOis requires 1489. 
Found ES+: MH* 1490 



5 (H21) A/-[8-(aminopropylaminobutylamino)-7-(aminopropyl- 
aminobutylaminomethyl)octyl]-18-(glucuronylamino)- 
octadecanamide. hexa(trifluoroacetate) salt 




.6CF3CO2H 

10 

A solution of H20 (200mg. 0.134mmol) in 96% TFA (10ml, 4% water) 
was stirred for 30min at room temperature. The TFA was removed under 
vacuum, and traces removed by evaporation of toluene/methanol, then 
high vacuum. The compound was dissolved in water (8ml) and filtered 

15 through a 0.45|im filter (Whatman PP), the compound was converted to a 
colourless solid by lyophilisation. The product was triturated with ether to 
give the title compound as a hygroscopic white solid (183mg, 88%). 
C59H106N8O19F18 2H20(anhydrous M.Wt 1 572) requires C:44.03%, H: 
6.89%. N: 6.96%. Found: C: 43.99%, H: 6.67%, N: 6.89%. The free base 

20 C47H100N8O7 requires 888.7. Found ES+: MH* 890. 5h (CD3OD) 3.6- 
4.2 (6 H. m. sugar), 3.0-3.4 (24H, m. CH2N+CH2NH2). 2.0-2.2 (7 H. m. 
CH2CO+CH2CH(CH2)2 + CH2CH2NH2 ), 1.2-1.7 (48 H, m.CH2). 
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Bixin Hexamine 

(H22) A/-{8-[t-Butyloxycarbonyiaminopropyl(t-butyloxy- 

carbonyl)-aminobutyl(t-butyloxycarbonyl)amino]-7-[t- 
5 butyloxycarbonyiaminopropyl(t-butyloxycarbonyl)- 

aminobutyl(t-butyloxycarbonyl)aminomethyl]octyi}-N'- 

(peracetylglucuronylaminoethyl)-4|8,13,17-tetramethyl 

1,20-docosadiamide 



10 




N-Methylmorpholine (0,04ml, 0.34nnmol) was added to a stirred solution 
of F5 (282mg, 0.34mmol) in dry dichloromethane (10ml) at room 
temperature under argon. After a few minutes N-hydroxysuccinimide 

IS (39mg, 0.34mmol) was added followed by EDC (65mg, 0.34mmol), the 
reaction was stirred overnight (tic showed conversion to the active ester), 
A solution of B16 (318mg, 0.34mmol) and triethylamine (0.237ml, 
1,7mmol) in dry dichloromethane (10ml) was added dropwise and stirring 
continued for two hours. Tic showed the active ester had been converted 

20 to a slower moving product (silica-10% methanol in dichloromethane). 
The solvent was removed and the product chromatographed (sjlica-5% 
methanol in dichloromethane) to yield the title compound (430mg, 69%). 
C95H173N9O25 requires 1840.25. Found ES+: MH+ 1841.2. 5h(CDCI3) 
7.10 (1 H, br. CONH). 6.27 (1 H. br, CONH). 5.75 (1 H, br. CONH), 5.67 

25 (1H, t, CH(OAc)CH(OAc)C0NH), 5.43 (1 H. t, CH(OAc)CH(OAc)CH(OAc) 
CONH). 5,30 (1 H, m,CH(OAc)CONH), 5,05 (1 H. m AcOCH2(OAc)CH). 
4.31 (1 H. dd[Ji=4Hz,J2 = 12H2] AcOCH2(OAc). 4.13 (1 H. 
dd[Ji=6H2,J2=12H2] AcOCH2(OAc). 2.9-3.5 (26H, m. NCH2). 2.0-2.3 
(15+9 H, m. MeCO + CH2CO+CH2CH(CH2)2+MeCH), 1.0-1.8(54+12+30 

30 H. ms, CH2). 0.84-0.91(12 H. 4 xs, Me). 
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(H23) A/-{8-[t-Butyloxycarbonylaminopropyl(t-butyloxy- 

carbonyl)ammobutyl(t-butyloxycarbonyl)amino]-7-[t- 
butyloxycarbonylaminopropyl(t-butyloxycarbonyl)- 
5 aminobutyl(t-butyloxycarbonyl)aminomethyl]octyl}-/V'- 
{glucuronylam[noethyl)-4,8,13,17-tetramethyl-1,20- 
docosadiamide 




10 

Ammonia solution (0.880, 7ml) was added to a stirred solution of H22 
(600mg, 0.33mmol) in methanol (15mi, or until in solution when ammonia 
added) at room temperature. The flask was stirred for Ihr whereupon tic 
showed no starting material was present. The reaction was evaporated 

15 to dryness and the product purified by chromatography (Reverse phase 
silica, Merck Lichroprep - dichloromethane/methanol /water [2:6:1] ) to 
yield the title compound (416mg, 78%). C85Hi63N9O20-3/4H2O 
(anhydrous M.Wt 1630) requires C: 62.07%, H: 10.08%, N: 7.66%. 
Found: C: 62.08%, H: 10,14%, N: 7.69%. C85H163N9O20 requires 1630. 

20 Found ES+: MH''1631.2. 6h (CD3OD), 3.6-4.3(6H, ms, sugar), 2.9-3.5 
(26H. m, NCH2). 2.0-2,3 (9 H, m, CH2CO+CH2CH(CH2)2+4xCH3CH). 
1.0-1.8(54+12+30 H, ms, Me +CH2). 0.84-0.91(12 H. 4 xs, Me). 
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(H24) A/-[8-(aminopropylaminobutylamino)-7-(aminopropyl- 
aminobutylaminomethyl)octyl]-/tf'-(glucuronyl- 
aminoethyl)-4,8,13,17-tetramethyl-1,20-docosadiamide 
hexa(tnfluoroacetate) salt 




A solution of H23 (400mg, 0.25mmol) in 96% TFA (10ml, 4% water) was 
stirred for 30min at room temperature. The TFA was removed under 

10 vacuum, and traces removed by evaporation of water. The title compound 
was obtained as to a colourless hygroscopic solid (382mg, 90%) by 
lyophilisation. C55H115N9O8.C12H6F18O12.2.5H2O (anhydrous M.Wt 
1713 requires C: 45.73%, H: 7.22%, N: 7.16%. Found: C: 45.73%, H: 
7.14%, N: 6.86%. The free base C49H1 01 NyOs requires 1029.89. Found 

15 ES+: MH+ 1031.0. 5h (CD3OD). 3.6-4.3(6H, ms, sugar), 2.9-3.5 (26H. m, 
NCH2), 2.0-2.3 (9 H, m, CH2CO+CH2CH(CH2)2+4xMeCH), 1.0-1.8(12+30 
H. ms, CH2), 0.84-0.91(12 H. 4 xs, Me). 
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C24 Amide Hexamine 

(H25) Ar*{8-[t-Butyloxycarbonylaminopropyi(t-butyloxy- 
carbonyl)-aminobutyl(t-butyioxycarbonyl)- 
5 amino] -7-[t-butyloxycarbonylaminopropy l(t- 

butyloxycarbonyl)butyl(tbutyloxycarbonyl)aminomethyl]- 
octyl}-12-(peracetylglucuronylaminododecanoylamino)- 
dodecanamide 



AcOAcO 



AcO, 



i k 
AcOAcO 



,sr'(CH2)iiCONH(CH2)ii ^ 



H 




10 



Boc 



NHBoc 



NHBoc 



Boc 



DBU (0.06ml, 0.4mmol) was added to a stirred suspension of F6 (320mg, 
0.4mmol) in dry dichloromethane (5ml) at room temperature under argon. 
A few minutes later N-hydroxysuccinimide (46mg, 0.4mmol) was added 

15 followed by EDC (76mg, 0.4mmol), the reaction was stirred overnight (tic 
showed conversion to the active ester). A solution of B16 (411mg, 
0.4mmol) and DBU(0.12ml, 0.4mmol) in dry dichloromethane (5ml) was 
added dropwise and stirring continued for five hours. Tic showed the 
active ester had been converted to a slower moving product (silica-60% 

20 ethyl acetate in hexane). The reaction was poured into 10% citric acid 
and extracted with dichloromethane, washed with brine, dried, and the 
solvent removed. The product was purified by chromatography (silica- 
2% to 5% methanol in dichloromethane) to yield the title comoound 
(538mg. 74%). C93H169N9O25. 3/4H20 requires C: 61.14%, H: 9.41%, 

25 N: 6.90%. Found: C: 61.16%. H: 9.37%. N: 6.82%. C93H169N9O25 
requires 1812.2. Found ES+: MH* 1814.3 5h (CDCI3) 6.13 (1 H, brt, 
CONH). 5.93 (1 H, br, CONH). 5.75 (1 H. br. CONH). 5.67 (1 H. t. CH 
(OAc)CH(OAc)CONH). 5.43 (1 H, t, CH(OAc)CH(OAc)CH(OAc)CONH), 
5.30 (1 H, m,CH(OAc)CONH), 5.05 (1 H, m AcOCH2(OAc)CH), 4.31 (1 H. 

30 dd[Ji=4Hz.J2=12H2] AcOCH2(OAc), 4.13(1 H. dd[Ji=6Hz,J2=12H2] 
AcOCH2(OAc), 2.9-3.3 (26 H. m, NCH2), 2.0-2.3 (20 H, m. MeCO + 
CH2CO+CH2CH(CH2)2). 12-1.7(112 H. dm. CH2+Me). 
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(H26) Af-{8-[t-Butyloxycarbonylammopropyl(t-butyioxy- 

carbonyl)aminobutyi(t-butyloxycarbonyl)amino]-7-[t- 
butyloxycarbonylaminopropyl(t-butyloxycarbonyl)butyl(t- 
5 butyloxycarbonyl)aminomethyl]octyl}-12- 

(glucuronylaminododecanoylamino)dodecanamide 



Ha a""' 1 




. , N-.(CH2)iiCONH(CH2)ii ^ 

HO HO H " Bo(<'^^^^""^N~^NHBoc 

Boc 



10 Ammonia solution (10ml, 0.880) was added to a stirred solution of H25 
{530mg. 0.3mmol) in methanol (10ml) at room temperature, (extra 
methanol can be added to ensure a solution). The flask was stirred for 
Ihr and evaporated to dryness. The white solid was suspended in water, 
filtered off and dried. The product was purified by chromatography 

15 (Reverse phase silica. Merck-Lichroprep eluted with dichloromethane/- 
methanol/water [2:6:1]) The product was evaporated to dryness, 
suspended in water, filtered off. dried and triturated with ether. High 
vacuum yielded the title compound (368mg, 77%) as a white solid. 
C83H159N9O20 requires C: 62.18%, H: 10.00%. N: 7.86%. Found: C: 

20 62.04%. H: 9.93%, N: 7.77%. C83H159N9O20 requires 1602.17. Found 
ES+: MH* 1603.4 5h (CD3OD) 3.5^.2(6H. m, sugar). 2.9-3.3 (26 H. m. 
NCH2). 2.15(4 H. t, CH2CO), 2.07(1 H, br. CH2CH(CH2)2). 1.2-1.8(112 
H, dm. CH2+Me). 
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(H27) Ar-[8-(Aminopropyiaminobutylaniino)-7-(aminopropyl- 
butylaminomethyl)octyl]-12-(glucuronylamino- 
dodecanoylamino)dodecanamidehexa(trifluoroacetate) 
S salt 



HQ HO O 1 
Ha..AjAjA^(CH2)i,CONH(CH2)ii V 




H 



HO HO H H^^^'^N'^^NHz 

.6CF3CO2H " 



A solution of H26 (360mg, 0.23nnmol) in 96% TFA (6ml, 4% water) was 
10 stirred for 30min at room temperature. The TFA was removed under 
vacuum, and traces removed by evaporation of toluene/methanol. The 
compound was subjected to high vacuum overnight, dissolved in water 
(5ml) and filtered through a 0.45nM (Whatman PP) filter The compound 
was converted to a colourless solid by lyophilisation. The lyophilised 
IS hygroscopic solid was triturated with ether and dried in vacuo to yield the 
title compound (370mg, 98%). C53H111N9O20. C12H6O12F18. 2.8 H2O ( 
M\Nl anhydrous=1 686.67) requires C:44.94%, H: 7.11%, N: 7.26%. Found: 
C: 44.93%, H:6.92%, N: 7.12%. The free base C53H111N9O8 requires 
1001.86. Found ES+: MH+ 1003.9. 5h (CD3OD) 7.92 (1 H, br. CONH ), 
20 7.80 (1 H. br, CONH ), 3.6-4.25 (6 H, m, sugar), 2.9-3.4 (26H. m, CH2N ). 
2.0-2.3 (9 H. m. CH2CO+CH2CH(CH2)2+CH2CH2NH2), 1.2-1.9 (50 H, m, 
CH2). 
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DISUGAR HEXAMINE 

(H28) /V-{8-[Methyl(t-butyloxycarbonyl)aniinopropyl(t- 

butyloxycarbonyl)aminobutyl(t-butyloxycarbonyl)amino]- 
5 7-[methyl(t-butyloxycarbonyl)aminopropyi(t- 

butyloxycarbonyl)aminobutyl(t-butyloxycarbonyl)- 
aminomethylioctylaminocarbonyltricosanyi}-A/',A/'- 
<7/s(peracetylglucuronylaminoethyl)succinamicle 



10 



BOC BOC 



ACCACO^^ 9 H H ^^^H^H. 

v.,^J:^^r^(CH2)23YN- — 

r o o ^ 



AcCAcO r 
ACO'VS^V^ 



AcCAcO O 



C4 (197 mg, 0.201 mmol), EDC hydrochloride (77 mg, 0.401 mmol) and 
N-hydroxysuccinimide (35 mg, 0.301 mmol) were dissolved in anhydrous 

15 dichlorom ethane (30 ml) and activated ester formation left at room 
temperature for two hours under argon. To the solution was added E4 
(300 mg, 0.211 mmol) and triethylamine (61 mg, 0.602 mmol) and the 
reaction left overnight at room temperature under argon. The solvents 
were removed, and the resulting residues purified by gradient silica 

20 column chromatography (3-7% methanol in dichloromethane) to yield the 
title compound as a colourless solid (378 mg, 78%). C119H209N11O37 
requires 2364.5. Found ES+: MH22+, 1193.9. MHz^*, 796.4. 5h (CDCI3) 
1.23 (46H, (CH2)i9(CH2)2CO, (CH2)4CH), 1.44 (72H, br + m, (Me)3C, 
CH2CH2N. CH2CH2CO). 1.95 (1H, br, CH). 2.02-2.23 (30H, 10 x s, 

25 MeCO), 2.17 (2H, t. (CH2)22CH2CO), 2.4-2.8 (4H, brm, CO(CH2)2CO), 
2.83 (6H. s, MeN). 2.9-3.5 (32H, m. CH2N), 4.12 (2H, m. CH2OAC), 4.30 
(2H, dt, CH2OAC), 5.20. 5.25 (2H. 2 x d, CHOAcCO), 5.43, 5.60 (4H. 2 x 
m. (CH0Ac)2CH0AcC0), 5.71 (1H, br. (CH2)23CONH), 6.11 (1H, br, 
CO(CH2)2CONH), 7.18, 7.65 (2H, 2 x t, N(CH2CH2NH)2. 

30 
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(H29)Af-{8-[Methyl(t-butyloxycarbonyl)aminopropyl(t-butyloxy- 
carbonyl)ammobutyl(t-butyloxycarbonyl)amino]-7* 
[methyl(t-butyloxycarbonyl)aminopropyl(t-butyloxy- 



To H28 (377 mg) in methanol (15 ml) was added concentrated 
ammonium hydroxide (5 ml). The cloudy solution / suspension was 
rapidly stirred for two hours whereupon the solvent was removed and the 

15 resulting residues purified by reverse phase silica chromatography 
eluting with 2:6:1 dichloromethane:methanol: water to yield the title 
compound as a colourless solid (266 mg, 86%). C99Hi89Nii027 
requires 1964.4 Found ES+: MH22^ 983.7. 6h(CD30D) 1.28 (46H.br, 
(CH2)i9(CH2)2CO, (CH2)4CH), 1.46 (68H, br, (Me)3C. CH2CH2N, 

20 CH2CH2CO), 1.76 (4H. p, NCH2CH2CH2N), 2.10 (1H, br, CH). 2.16 (2H. 
t, (CH2)22CH2CO). 2.49, 2.70 (4H. t + dt, CO(CH2)2CO), 2.85 (6H. s, 
NMe). 3.0-3.4 (24H. m. CH2N), 3.4-3.65 (8H, m, N(CH2)2N, 3.65-3.85 
(8H. m, CHOH). 4.11 , 4.20 (4H, brs + dd. CH2OH). n 



5 



carbonyl)aminobutyl(t-butyloxycarbonyl)aminomethyl]- 

octylaminocarbonyltricosanyl}-A/',A^'- 

i!iis(glucuronylaminoethyl)succinamide 



10 




wo 01/12154 



PCT/GBOO/03170 



10 



15 



(H30) Af-[8-(Methylaminopropylaniinobutylamino)-7-(methyi- 
aminopropylaminobutyiaminomethyl)octylaminocarbonyl 
tricosanyl}-Ar',Af'-/i/s(glucuronyiaminoethyl)succinamide 



To H29 (266 mg) was added 96:4 trifluoroacetic acid : dichloromethane 
(10 ml). The solution was left for 20 minutes at room temperature, the 
solvents removed and the residues taken up into MilliQ water. The 
solution was filtered (0.45 mm polypropylene) and freeze dried to give a 
white solid. This was suspended in diethyl ether, left for 20 minutes and 
the ether decanted off. The remaing white solids were dried under 
vacuum to give the title compound as a white, hydroscopic solid (269 
mg). C69Hi4iNiiOi5 requires 1364.1 Found ES+: , 683.4. MH+ , 

1365.4. 6h(CD30D) 1.28 (44H. br, (CH2)i9(CH2)2CO, (CH2)3CH2CH), 
1.50 (8H. m, CH2CH, CH2CH2NH. CH2CH2CO), 1.82 (8H. br. 
NCH2(CH2)2CH2N), 2.05-2-25 (6H, m, CH2CO. NCH2CH2CH2N), 2.28 
(1H, m. CH), 2.49. 2.72 (4H. 2 x t. CO(CH2)2CO). 2.73 (6H. s, NMe). 3.05- 
3.30 (24H, m. CH2N), 3.35-3.65 (8H. m. NCH2CH2N). 3.65-3.85 (8H. m, 
CHOH), 4.10. 4.22 (4H. brs + dd. CH2OH). 
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(H31)A/-{8-[Methyl(t-butyloxycarbonyl)aminopropyl(t-butyloxy- 
carbonyl)aminobutyl(t-butyloxycarbonyl)ainino]-7- 
[methyl(t-butyloxycarbonyl)aminopropyl(t- 
S butyloxycarbonyl)aminobutyl(t-butyloxycarbonyl)- 
aminomethyl]octyl}-24-(peracetylglucuronylamino)- 
tetracosanamide 



BOC POC HOC 
AcacO p H N — 

AcOVcO H O ^ ^ 

BOC 

10 



To F2 (131 mg, 0.170 mmol) in anhydrous dichloromethane (15 ml) were 
added EDC hydrochloride (46 mg, 0.238 mmol), N-hydroxysuccinimide 
(27 mg. 0.238 mmol) and the reaction left overnight. To the reaction were 

15 then added B21 (198 mg, 0.187 mmol) and triethylamine (68 mg, 0.679 
mmol) and the reaction left for 3 hours at which point the solvent was 
removed. The residues were purified by gradient silica chromatography 
eluting with 60-80% ethyl acetate in hexane to yield the title compound 
as a colourless gum, (241 mg, 78%). C95H174N8O24 requires 1811.3 

20 Found ES*: MH22^ 907.0. 5h(CDCI3) 1.24 (48H, br. (CH2)i9(CH2)2N, 
CH2CH2CO, (CH2)4CH). 1.3-1.8 (70H, m, (Me)3C, CH2CH2N). 2.0 (1H. 
br, CH), 2.04-2.19 (15H, 5xs, MeCO), 2.22 (2H, t, CH2CO), 2.83 (6H, s, 
NMe), 2.9-3.35 (24H. m, CH2N), 4.10^.40 (2H, m, CH2OAC), 5.03 (1H. m, 
CHOACCH2OAC). 5.28 (1H, d. CHOAcCO), 5.43, 5.67 (2H. 2xt, 

25 (CHOAc)2CHOAcCH20Ac), 6.05 (2H, 2xt, NHCO). 
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(H32)/V-{8-[Methyl(t-butyloxycarbonyi)aminopropyl(t*butyloxy- 
carbonyl)aminobutyl(t-butyloxycarbonyi)amino]-7- 
[methyl(t-butyloxycarbonyl)ammopropyl(t-butyloxy- 
S carbonyl)aminobutyl(t-butyloxycarbonyl)- 
aminomethyl]octyl}-24-(glucuronylamino)- 
tetracosanamide 




10 

To H31 (235 mg) dissolved in methanol (10 ml) was slowly added with 
. stirring NH4OH (4 ml) until the solution started to become cloudy. After 
approximately 20 minutes an additional 3 ml of methanol was added to 
dissolve some of the forming white precipitate. The solution / suspension 

15 was stirred for a total of one hour at which point all solvents were 
removed. The residues were purified by reverse phase chromatography 
eluting with 2:6:1 CH2Cl2:MeOH:NH40H to yield the title comoound as a 
colourless solid, (206 mg, 99%). C85H164N8O1 9 requires 1601.2 Found 
ES + : MH-*-, 1601.9. 6h (CDCI3) 1.24 (46H, br, (CH2)i9(CH2)2N , 

20 (CH2)4CH), 1.35-1.80 (72H, brm, (Me)3C, CH2CH2N, CH2CH2CO), 2.05 
(1H. br. CH), 2.14 (2H. t. (CH2)22CH2CO), 2.82 (6H, s, NMe), 3.0-3.4 
(24H. bmi. NCH2). 3.5-4.1 (4H, br, CHOH). 4.17, 4.30 (2H, 2xbr, CH2OH), 
5.85, 7.21 (2H, 2xbr, NHCO). 
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(H33) /V-[8-(methylaminopropylaminobutylamino)-7-(methyl- 
aminopropylafninobutylaminomethyl)octyl]-24- 
(glucuronylamino)tetracosanamide 

OHOH Q H R^^-^^ NHMe 

HO^^^^s^y-v.xN^^s^..''^^.'^^ N*..^k^^nW 

Er'^fcr^NHMe 



H32 (185 mg) was dissolved in 96:4 TFA:DCM and left for 20 minutes. 

The solvent was removed and the residues taken up in MilllQ water, 

filtered through a 0.2mm filter, and the solution freeze dried to 
10 quantitatively give the title compound as a white solid. CssHneNsOy 

requires 1000.9 Found ES+: MH*. 1001.9. ShCCDsOD) 1.32 (44H. br. 

(CH2)i9(CH2)2CO, (CH2)3CH2CH). 1.52 (8H, m. CH2CH, CH2CH2N. 

CH2CH2CO), 1.82 (8H, m, NCH2(CH2)2CH2N), 2.08 (1H. br, CH), 2.12 

(4H, m, NCH2CH2CH2N). 2.23 (2H, m, CH2CO). 2.73 (6H, s. NMe). 3.0- 
15 3.3 (24H, m. CH2N). 3.58-3.82 (4H. m. CHOH), 4.08, 4.22 (2H, 2xm. 

CH2OH). 



(H34) iV-{8-[Methyl(t-butyloxycarbonyl)ammopropyl(t- 
20 butyloxycarbonyl)aminobutyl(t-butyloxycarbonyl)amino]- 
7-[methyl(t-butyioxycarbonyl)aminopropyl(t- 
butyloxycarbonyl)aminobutyl(t-butyloxycarbonyl)- 
aminomethyl]octyl}-24-(peracetylglucuronylamino- 
dodecanoylamino)tetracosanamide 

25 

S o ^^^.^.^ 

BOC SoC BOC 



To F8 (67 mg, 0111 mmol) in anhydrous dichloromethane (20 ml) were 
added EDC hydrochloride (30 mg, 0.155 mmol). N-hydroxysuccinimide 
30 (18 mg, 0.155 mmol) and the reaction left overnight. To this were then 
added E4 (174 mg, 0.122 mmol) and triethylamine (45 mg, 0.444 mmol) 
and the reaction left for a further four hours. The solvent was removed 
and the residues purified by gradient silica chromatography eluting with 
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50-90% ethyl acetate in hexane to yield the title compound. (90 mg, 40%) 
as a colourless gum. C107H197N9O25 requires 2008.4 Found ES*: 
MNH4*, 2027,8. 5h(CDCI3) 1.25 (56H. br. NH(CH2)2{CH2)20. 
NH(CH2)2(CH2)8), 1.3-1,8 (72H, brm, (Me)3C, CH2CH2N). 1.96 (1H. br, 
5 CH), 2.04, 2,05, 2.09, 2.20, 2.20 (15H, 5xs. MeCO), 2.23 (4H. m, CH2CO), 
2.84 (6H, s. NMe). 3.0-3.3 (26H, m. NCH2), 4,14. 4.31 (2H. m. CH2OAC), 
5,04 (1H, dt. CH2CHOAC). 5.29 (1H, d, CHOAcCO), 5.44, 5.66 (2H, 2xt. 
(CH0Ac)2CH0AcC0). 5.92. 6.09. 6.29 (3H, br+t+br, NHCO). 



10 

(H35) /V-{8*[Methyi(t-butyloxycarbonyl)aminopropyi(t- 

butyloxycarbonyl)aminobutyl(t-butyloxycarbonyl)amino]- 
7-[methyl(t-butyloxycarbonyl)aminopropyi(t- 
butyloxycarbonyl)aminobutyl(t-butyloxycarbonyl)- 
15 aminomethyl]octyl}-24 (glucuronylaminododecanoyl- 

amino)tetracosanamide 



BOC ROC BOO 
BOC %Qc BOC 



20 To a solution of H34 (90 mg) in methanol (12 ml) was added NH4OH (4 
ml) and the reaction left for 1 hour at which point the solvent was 
removed. The residues were purified by reverse phase silica 
chromatography eluting with 2:6:1 DCM:MeOH:H20 to yield the title 

compound (80 mg, 99%) as a white solid. C97H187N9O20 requires 
25 1798.4 Found ES+: MH22+. 900.9, MHM 799.6. 5h (CDCI3) 1.25 (52H. 
br, N(CH2)2(CH2)i9. N(CH2)2(CH2)7), 1.40-1.85 (76H. brm. (Me)3C. 
CH2CH2N, CH2CH2CO). 1.95 (1H. br, CH), 2.16 (2H, t. CH2CO), 2.84 
(6H, s, NMe). 2.9-3.4 (26H. m, NCH2). 3.82 (4H, br. CHOH). 4.17, 4.32 
(2H, 2xbr, CH2OH), 5.92, 6.55, 7.22 (3H, 3xbr, NHCO). 

30 
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(H36) A/-[8-(Methylaminopropylaminobutylamino)-7-(methyl- 
aminopropylaminobutylaminomethyl)octyl]-24- 
(glucuronylaniinodociecanoylamino)tetracosanamide 

5 

OHOHO ^1 O '^"^^w^^ 

""'^ K ^^^^ 



H35 (80 mg) was treated as in the synthesis of H33 to give the title 
compound in quantitative yield as a white solid. C67H139N9O8 requires 
10 1198.1 Found ES+: 600.2, MH+ 1198.8. 5h (CD3OD) 28 (58H, 

br. (CH2)7(CH2)2CO. (CH2)i9(CH2)2CO. (CH2)3CH2CH). 1.51 (12H, m, 
CH2CH, CH2CH2N, CH2CH2CO), 1.83 (8H. m, NCH2(CH2)2CH2N), 2.14 
(9H. m. CH2CO. NCH2CH2CH2N, CH), 2.73 (6H. s. NMe). 3.0-3.3 (26H. 
m. NCH2), 3.6-3.8 (4H, m, CHOH), 4.07, 4.19 (2H. 2xm, CH2OH). 



(H37) W-{8-[Methyl(t-butyloxycarbonyl)aminopropyl(t- 

butyloxycarbonyl)aminobutyl(t-butyioxycarbonyl)amino]- 
7-[methyl(t-butyloxycarbonyl)aminopropyl(t* 
20 butyloxycarbonyl)aminobutyl(t-butyioxycarbonyl)- 
aminomethyl]octyl}-36-(g(ucuronylamino)- 
hexatriacontanamide 




To E8 (612 mg. 0.038 mmol) in anhydrous methanol (15 ml) were added 
d-gluconolactone (14 mg, 0.077 mmol) and triethylamine (16 mg, 0.153 
mmol) and the reaction stirred overnight at ambient temperature under 
argon. The solvents were removed and the residues purified by reverse 
30 phase chromatography eluting with 2:6:1 then 2:6:0.5 DCM:MeOH:H20 to 
give the title compound (34 mg, 51%) as a colourless solid. 
C97H188N8O19 requires 1769.4 Found ES+: MNa+, 1793.2. 5h (CDCI3) 
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1.24 (72H. br. (CH2)32CH2CONH(CH2)2(CH2)4). 1 44 (66H. m, (Me)3C. 
CH2CH2N). 1.72 (4H, p. NCH2CH2CH2N). 2.0 (1H, br, CH). 2.14 (2H, t. 
CH2CO), 2.83 (6H, s, NMe), 3.0-3.4 (24H. m. CH2N). 3.6-3.9 (4H, br, 
CHOH). 4.10, 4.25 (2H, 2xbr, CH2OH), 5.80 (1H. br, CONH(CH2)6CH), 
5 7.30 (1H. br. CONH). 



(H38) /\/-[8-(Methylaminopropylaminobutylamino)-7-(methyi- 
aminopropylaminobutylaminomethyl)octyi]-36- 
10 (glucuronylamino)hexatriacontanamide 



R-N-.^ NHMe 
Nv^'V^ NHMe 



H37 (34 mg) was treated as in the synthesis of H33 to give the title 
15 compound in quantitative yield as a white solid. C67H140N8O7 requires 
1169.1 Found ES+: MH22^, 585.7. 1169.7. 6h (CD3OD) 1.29 

(68H, br. (CH2)31(CH2)2C0. (CH2)3CH2CH), 1.51 (8H, m, CH2CH, 
CH2CH2N. CH2CH2CO), 1.83 (8H, brm, NCH2(CH2)2CH2N). 2.16 (7H. 
m. CH2CO. NCH2CH2CH2N, CH). 2.73 (6H, s. NMe), 3.0-3.3 (24H. m. 
20 NCH2), 3.05-3.35 (4H, m, CHOH), 4.08-4.20 (2H, m+d. CH2OH), 7.8-7.9 
(2H. 2xbr, NHCO). 



I. PEG LIPIDS 

25 

This section contains the synthesis of: 

(12) /V-[8-(Aminobutylamino)-7-(aminobutylaminomethyl)- 
octyl]-24-[methoxypoly(ethyleneoxy)propanoylamino]- 
tetracosanamide tetra(trifluoroacetate) salt 



30 



. 4CF3CO2H 
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(14) A^-[8-(Methylaminopropylaminobutylamino)-7- 

(methylaminopropylaminobutylaminomethyl)octyl]-24- 
[methoxypoly(ethyleneoxy)propanoylamino]tetra- 
cosanamide hexa(tnfluoroacetate) salt 

w H H 

. 6CF3CO2H H H 



10 (II ) /V-{8-[t-Butyloxycarbonylaminobuty l(t-butyloxycarbonyl)- 
amino]-7-[t-butyloxycarbonylaminobutyl(t-butyloxy- 
carbonyl)amlnomethyl]octyl}-24-[methoxypoly- 
(ethyleneoxy)propanoylamino]tetracosanamide 

H H ^,^Q.-s^NHBOG" 

15 ^^^NHBOC 



To methoxyPEGpropionic acid (MW approx 1800) (282 mg. 0.157 mmol) 
in anhydrous dichloromethane (20 ml) were added EDC hydrochloride 
(38mg, 0.199 mmol) and N-hydroxysuccinimide (23 mg, 0.199 mmol) and 

20 the reaction left overnight under argon at room temperature. To this was 
added E2 (154 mg. 0.142 mmol) and triethylamine (57 mg, 0.570 mmol) 
and the reaction left for a further six hours. To this was then added water 
(0.2 ml) and the hydrolysis of any remaining activated ester left overnight. 
The solvent was removed and the residues purified by gradient silica 

25 chromatography (5-10% methanol in dichloromethane) to yield the title 
compound (369 mg, 90 %) as a white solid. For n=38 C143H282N6O50 
requires 2884.0 Found ES+: MNa22+, 1465.6. 5h (CDCI3) 1.24 (44H. 
br. (CH2)i9(CH2)2CO, (CH2)3CH2CH), 1.43 (52H. m. (Me)3C. CH2CH. 
CH2CH2N. CH2CH2CO, NCH2(CH2)2CH2N), 1.97 (1H, br. CH). 2.22 (2H. 

30 t. (CH2)22CH2CO). 2.60 (2H. t, OCH2CH2CO), 3.05-3.15 (16H, m. NCH2). 
3.37 (3H, s, OMe), 3.63 (--170 H, m. OCH2). 
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(12) iV-[8-(Aminobutylamino)-7-(aminobutylaminomethyl)- 
octyl]24-[methoxypoly(ethyleneoxy)propanoylamino]- 
tetracosanamide tetra(trifluoroacetate) salt 



a^cr^a^N-(CH2)23Y 

^ o O 

. 4CF3CO2H 



II (369 mg) was dissolved in 96:4 trifluoroacetic acid : dichloromethane 
(9 ml) and left for 15 minutes at room temperature. The solvent was 
removed, the residues taken up into water, filtered (0.45mm 

10 polypropylene) and freeze dried to give the title compound a pale yellow 
viscous oil (370 mg). For n=38 C123H250N6O42 requires 2483.8. Found 
ES+: 1243.5. dn (CDCI3) 1.24 (52H. brm. (CH2)2lCH2CO. 

(CH2)5CH), 1.85 (8H. br, NCH2(CH2)2C H2N); 2.21 (2H, t. 
(CH2)22CH2CO). 2.35 (1H. br, CH), 2.51 (2H. t. OCH2CH2CO). 2.8-3.35 

15 (16H, brm, NCH2). 3,37 (3H. s. OMe). 3.63 (-170H. br, OCH2). 



(13) A/-{8-[Methyl(t-butyloxycarbonyl)aminopropyl(t- 

butyloxycarbonyl)aminobutyl(t-butyloxycarbonyl)amino]- 
20 7-[methyl(t-butyloxycarbonyl)amlnopropyl(t-butyloxy- 
carbonyl)aminobutyl(t-butyloxycarbonyl)aminomethyl]- 
octyl}-24-[methoxypoly(ethyleneoxy)propanoylamino]- 
tetracosanamlde 

BOC BOC 

25 BOC BOC 

To methoxyPEGproplonlc acid (MW approx 1800) (210 mg. 0.117 mmol) 
in anhydrous dichloromethane (20 ml) were added hydrochloride (29 mg, 
0.148 mmol) and N-hydroxysuccinimide (17 mg, 0.148 mmol) and the 
30 reaction left overnight under argon at room temperature. To this was 
added E4 (151 mg, 0.106 mmol) and triethylamine (32 mg, 0.318 mmol) 
and the reaction left for a further six hours. To this was then added water 



wo 01/12154 



112 



PCT/GBOO/03170 



(0.2 ml) and the hydrolysis of any remaining activated ester left overnight. 
The solvent was removed and the residues purified by gradient silica 
chromatography (5-10% methanol in dichloromethane) to yield the title 
compound (205 mg, 60 %) as an off white solid. For n=38 
5 C161H316N8O54 requires 3226.2 Found ES+: MNa22*. 1636.8. 6h 
(CDCI3) 1.24 (48H. brs, (CH2)2oCH2CO. (CH2)4CH), 1.43 (70H, brs + m. 
(Me)3C. CH2CH2N), 1.98 (1H. br, CH), 2.19 (2H, t. (CH2)22CH2CO), 2.54 
{2H. t. OCH2CH2CO). 2.83 (6H. s. NMe). 3-3,5 (24H. brm, NCH2). 3.36 
(3H, s. OMe). 3.6 (-170H, s. OCH2). 5.95, 6.95 (2H, br. CONH). 



(14) /V-[8-(Methylaminopropyiaminobutylamino)-7- 

(methylaminopropylaminobutylaminomethyl)octyl]-24- 
[methoxypoIy(ethyleneoxy)propanoylamino]tetracos- 
15 anamide hexa(trifluoroacetate) salt 

. 6CF3CO2H H H 



13 (206 mg) was dissolved in 96:4 trifluoroacetic acid : dichloromethane 
20 (8 ml) and left for 15 minutes at room temperature. The solvent was 
removed, the residues taken up into water, filtered {0.45mm 
polypropylene) and freeze dried to give the title compound as an off white 
solid (213 mg). For n=38 Ci 31 H268N8O42 requires 2625.9 Found ES+: 
MH22*, 1314.5. 5h (D2O) 1.87 (44H. br. (CH2)i9(CH2)2CO , 
25 (CH2)3CH2CH), 2.06 (8H. br. CH2CH, CH2CH2NH, CH2CH2CO). 2.38 
(8H. br, NCH2(CH2)2CH2N). 2.72 (7H. br. {CH2)22CH2CO , 
NCH2CH2CH2N. CH). 3.05 (2H. t, OCH2CH2CO), 3.34 (6H. s, NMe). 3.72 
(24H, br, CH2N). 3.95 (3H. s. OMe). 4.25 (-170H. br. OCH2). 
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SECTION 2 



INTERMEDIATE 1 

N-(Ben2vloxvcarbonvl)ethvlenediamine 



5 




NH2 



O 



Benzyl chloroforrhate (2.55g. 0.015mmol) dissolved in lOOcm'^ of DCM 
was added dropwise to a rapidly-stirred solution of ethylenediamine 

10 (8.99g, O.ISmmol) in DCM (80cm'^). After the mixture was left stirring 
overnight at room temperature under argon, the volatiles were removed 
on a rotary evaporator and the residue poured into water and filtered to 
remove insoluble precipitates. The aqueous solution was first acidified to 
pH 1 and washed with DCM, then the acidic solution basified to pH 12 

15 with sodium hydroxide and extracted three times with DCM. These 
organic phases were combined, dried (K2CO3) and evaporated to 
dryness to yield the title compound without further purification (2.34g). 
C10H14N2O2 requires 194.1. Found ES+: MH"^ 194.9, 5h (CDCI3) 
7.26 (5H. s, aryl H), 5.50 (1H, br. CONH). 5.01 (2H, s, CH2Ar), 3.12 (2H. q, 

20 OCONHCH2). 2.69 {2H. t, CH2NH2). 

INTERMEPIATE 2 

Methyl N»(benzvloxvcarbonylaminoethyl)- 
25 4.8.13.17tetramethyl-1,20-dodecanamoate 



To a solution of D11 (Secton 1) (5.94g, 14.4mmol) in DCM (lOOcm^) was 
30 added Intermediate 1 (3.40g. 17.6mmol), HOBt (1.95g, 14.4mmol). DMAP 




o } 
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(1.75g. 14.4mmol) and DCC (6.0g. 28.8mmol). After 24h, precipitated 
matter was filtered off, and the solution was washed with citric acid (10%), 
water, and saturated sodium bicarbonate solution. After drying (MgS04), 
the solvent was removed in vacuo and the residue purified on silica (5% 
5 methanol/ DCM) to give the title compound (4.80g, 57%) as a pale yellow 
gum. C35H60N2O5 requires 588.5. Found ES+: MH* 589.3, MNa"*" 
611.4. 5h (CDCI3) 0.7-0.9 (12H, m, CHCH3). 0.8-1.8 (28H, br m, 
CHCH3, CH2). 2.15 (2H, m, CH2CONH), 2.27 (2H, m. CH2C02Me), 
3.15-3.35 (4H, m. CH2NH). 3.60 (3H, s, OCH3), 5.0 (2H, s, CH2Ph), 5.8 
10 (1H. br t, NH). 6.75 (1H. br t. NH), 7.26 (5H, s, aryl H). 



INTERMEDIATE 3 

N-(ben2vloxvcarbonvfaminoethvn-4.8.13.17-tetramethvl-1.20- 
15 dodecananoic acid 



To Intermediate 2 (4.8g, 8.15mmol) in methanol/water (2:1, ISOcm^) was 
20 added lithium hydroxide (4.8g, 115mmol). This was stirred vigourously 
for 24h then poured into 2M hydrochloric acid (500cm^) and extracted 
three times with DCM. These organic fractions were combined, dried 
(MgS04) and the solvent removed on a rotary evaporator to give the liUs 
compound as a yellow gum. 3.9g, 84%. C34H58N2O5 requires 574.5. 
25 Found ES+: MH+ 675.4 MNa+ 597.4 5h (CDCIa) 0.86-1.0 (12H. m, 
CH3). 1.0-1.8 (28H, br m, CH2, CH), 2.20 (2H. m, CH2CONH). 2.36 (2H, 
m, CH2CO2). 3.2-3.4 (4 H, m, CH2N), 5.0 (2H. s, CHzPh). 5.5 (1H, t, 
NH), 6.5 (1H, t, NH), 7.26 (5H. s, aryl H). 5c (CDCI3) 19.3, 19.7, 24.2, 
24.3, 24.35, 27.3, 31.7, 31.8. 32.3, 32.6, 32.7, 34.3, 36.9, 37.0, 37.1, 37.2 
30 (22 CH2. CHCH3). 40.1. 40.8 (2C, CH2N), 66.6 (1C, OCHg), 127.9, 
128.1, 128.5, 136.3 (6C, aryl C), 167.6 (1C, NHCO2), 174.8 (1C, CONH). 
178.6 (1C. CO2H). 
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INTERMEDIATE 4 

N.fN.N'-bisft-Butvloxvcarbonvn.7.rN.N'-bisft- 
butvloxvcarbonvnaminobutvlaminomethvnaminobutvlami 
nooctvn.N'-fbenzv!oxvcarbonvlaminoethvn-4.8.13.17- 
tetramethvl-1 ■20-docosadiamide 



To a solution of Intermediate 3 (0.1 52g, 0.26mmol) in DCM (SOcm^) at 
0°C was added B8 (Section 1) (0.250g, 0.34mmol), HOBt (O.OSSg, 
0.26mmol) and EDC (0.056g, 0.29mmol). After 24h, the solution was 
washed with water, saturated sodium bicarbonate solution, the organic 
fraction was dried (MgS04) and the solvent evaporated in vacuo. 
Purification on silica (5% methanol/DCM) yielded the title compound as a 
colourless gum, 0.300g, 91%, silica TLC rf 0.4 (5% methanol/DCM). 
C71H129N7O12 requires 1272. Found ES+: MH+ 1273, MLi+ 1279 
5h (CDCI3) 0.85-1.0 (12H, m, CH3). 1.0-1.8 (83H. br m, CH2, CH, 
CH3). 2.20 (4H, m, CH2CONH), 2.8-3.4 (18H, m, CH2N). 4.8 (2H, t. NH), 
5.0 (2H, s. CH2Ph), 5.7 (1H, t. NH), 5.8 (1H. t, NH), 6.4 (1H, t. NH), 7.26 
(5H, s. aryl H). 6c (CDCI3) 19.2. 19.5, 24.2, 24.3, 25.0, 25.4, 26.3. 26.6. 
27.2, 28.3. 29.4, 29.5, 29.8, 32.4, 32.5, 32.8, 34.2, 34.4, 37.0, 37.2. 39.3, 
40.0. 40.1. 40.9 (2C, CH2N). 46.9. 49.2, 53.3, 66.5 (1C, OCH2). 78.8. 
79.2 (4C. (CH3)3), 127.8, 128.0, 128.3, 136.3 (6C. aryl C). 155.6. 155.9. 
157.6 (1C. NHCO2). 173.3. 174.2 (2C, CONH). 




BocNH 
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INTERMEDIATE S 

N-fN.N'.bisft.Butvioxvcarbonvn.7-rN.N'-bisft. 
butvloxvcarbonvnamlnobutviaminomethvllaminn butvlami 
5 nooctvn-N'-fammoethvl)-A.8.13.17-tetram6thvM 20. 
docosadiamide 



To a solution of Intermediate 4 (0.079g, 0.062mmol) in tert-butanol 
(20cm^) at 40^0 was added ammonium formate (0.3g), palladium on 
carbon (5%) (0.035g) and Pearlman's catalyst (0.035g). After 18h of 
vigorous stirring under an argon atmosphere, the solid matter was filtered 
15 off and the solvent removed in vacuo to yield the title compound as a 
glassy solid (0.058g, 82%). C63H126N7O10 requires 1138. Found 
ES+: MH+ 1139 ; 6h (CDCI3) 0.85-1.0 (12H. m, CH3). 1.0-1.8 (83H, br 
m. CH2, CH. CH2). 2.20 (4H. m, CH2CONH), 2.8-3.4 (18H. m. CH2N). 
4.8 (2H. t, NH), 5.8 (1H. t. NH), 6.7 (1H, t, NH). 



BocNH 




BocNH 



10 
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INTERMEDIATF 6 

N-(N.N'-bisft-Butvloxvcarbonyh-7- fN.N'.bis(t. 
butvloxvcarbonvnaminobutviaminomethvpam inobutylani i 
S nooctvn-N'-fmaleimirfnbutannvla minoethvh-4.« 13 17- 
tetramethvl-1 ^Q-docQsadiamirift 




BocNH 



10 

To a solution of 4-maleimidobutyric acid (O.OSOg, 0.165mmol) in DCM 
(5cm3) in a salted ice bath was added HOBt (0.022g, 0.165mmol) and 
EDC (0.031g, 0.165mmoi). After 2h Intermediate 5 (0.058g, O.OSImmol) 
in DCM (Scm^) was added dropwise to the active ester solution cooled in 

15 a salted ice bath. After 2.5h the reaction mixture was washed once with 
water, dried (MgS04), filtered and the solvent removed. The compound 
was purified by chromatography (silica, 5% methanol/DCM) to give the 
title compound as a glassy solid (0.031g, 47%). C71H130N8O13 
requires 1303. Found ES+: MH+ 1304 , MNa+ 1326 ; 5h (CDCI3) 

20 0.85-1.0 (12H. m. CH2). 1.0-1.8 (83H. br m. CHg. CH. CH2), 1.90 (2H. 
CH2CH2maleimide), 2.20 (6H, m. CH2CONH), 2.8-3.4 (18H, m, CH2N), 
3.55 (2H. t, CHzmaleimide), 4.7 (2H. br s, NH). 5.6 (1H. br s, NH), 6.4 
(2H, br s. NH), 6.7 (2H, s, maleimide). 
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INTERMEDIATE 7 

N'r7-fAminobutvlaminomethvl>ammobutvl aminooctvl]-N'. 
fmaleimidobutanovlaminoethvn.4.8.13.17.tetramftthyl. 
5 1.20.docosadiamide tBtrartrifluoroacetate^ salt 




10 Intermediate 6 (0.035g, 0.027mmol) was dissolved with stirring in 96% 
trifluoroacetic acid (aqueous, Scm^). After 20 min the acid was removed 
quickly under high vacuum and azeotroped with toluene and finally 
methanol. The residue was dissolved in water, filtered (Whatman syringe 
filters 0.45nm PP) and lyophiiised to produce the title compound as a 

15 white fluffy solid (0.037g. 100%). C51 HgsNsOs requires 902.8. Found 
ES+: MH+ 903.4, [MH2]2+ 452.6; 6h (CD3OD) 0.85-1.0 (12H. m. 
CH3). 1.0-1.8 (47H, br m. CH2. CH. CH3). 2.20 (8H. m. CHjCONH. 
CH2CH2maleimide), 2.8-3.4 (18H. m, CH2N). 3.55 (2H. t. CH2- 
maleimide), 6.80 (2H, s, maleimide) 6c (CD3OD) 173, 175.6, 176.9, 

20 177.3 (4C. CONH). 



wo 01/12154 



PCT/GBOO/03170 



119 



INTERMFDIATF B 

Nl-fN.N'.N".trift-Ri.tv|oxvcarbonvl}.7.rN.N'.N"-trHt. 
butvloxvcarbonvnaminoproDylaminobutvlaminnmfitt^yi] 
S aminoDroDvlaminobu tvlaminooctvll-N'. 

fbenzvloxvcarbonvlaminoethvn-4.8.13.17-tetramethyl. 
1.20-docosadiamirifi 



To a solution of Intermediate 3 (0.095g, 0.165mmol) in DCM (Scm^) at 
QOC was added B16 (Section 1) (0.1 50g, 0.145mmol), HOBt (0.022g, 
0.17mmol) and EDC (0.032g, 0.165mmol). After 24h, the solution was 

15 washed with water then saturated sodium bicarbonate solution, and the 
organic fraction dried (MgS04) and the solvent evaporated in vacuo. 
Purification on silica (3% methanol/DCM) yielded the title compound as a 
colourless gum, 0.21 5g, 93%, silica TLC rf 0.2 (5% MeOH/DCM). 
C87H159N9O16 requires 1586. Found ES+: MH+ 1587 MNa"*" 1609 

20 6h (CDCI3) 0.85-1.0 (12H. m. CH3), 1.0-1.8 (105H, br m, CH2. CH, 
CH3), 2.20 (4H, m, CHgCONH), 2.8-3.4 (26H, m. CH2N), 5.0 (2H, s, 
CHzPh), 5.4(1 H, t. NH), 5.6 (1H. t, NH), 6.2 (1H. t, NH), 7.38 (5H, s. aryl 
H). 



NIIBoc 




10 



BocNH 
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INTERMEDIATE 9 

Nl.^N.N-.N"-trHt.Butvloxvcarbonvh.7-rN.N-.N".tr»t. 
butvloxvcarbonvi^aminoproDvlaminobutvlamlnomcthvIT 
S amlnoDroDvlaminobutvlaminooctviVN'-faminoethviy 
4.8.13.17-tetramethvl-1.20-docosadiamide 




BocNH 



10 

To a solution of Intermediate 8 (0.1 37g, 0.086mmol) in f-butanol (20cm"^) 
at 40° was added ammonium fomnate (0.5g), palladium on carbon (5%) 
(O.oeOg) and Pearlman's catalyst (O.OSOg). After 24h of vigorous stirring 
under an argon atmosphere, the solid matter was filtered off using gravity 

IS filtration followed by a syringe filter and the solvent removed in vacuo to 
yield the title compound as a glassy solid (0.1 09g, 87%). 
C79H153N9O14 requires 1452 Found ES+: MH+ 1453, [MH2]2+ ; 
6h (CDCI3) 0.85-1.0 (12H, m. CH3), 1.0-1.8 (105H, br m, CH2. CH, 
CH3), 2.20 (4H, m, CH2CONH), 2.8-3.4 (26H, m, CH2N). 5.4 (1H, t. NH), 

20 5.75(2H, t, NH), 6.3 (1H, t, NH). 
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INTERMEDIATE 10 

Rl-fN.N'.N"-trift-Butv!oxvcarbonvn. 7-rN.N-.N".tri/t. 
butvloxvcarbonvnamtnoprnnulaminobutvia minomethyil 
S aminoDroDviamlnobutvlaminoQctyll-N'- 

fmaleimidobutanovlaminQethvH-4.8.13.l7.»A» ramethyl- 
1.20-docosadiamide 




To a solution of 4-maleimidobutyric acid (O.OSOg, 0.275mmol) in DCM 
(10cm3) in a salted ice bath was added HOBt (0.037g, 0.275mmol) and 
EDC (0.052g, 0.275 mmol). After 2h Intermediate 9 (0.1 09g, 0.075mmol) 

15 in DCM (lOcm^) was added dropwise to the active ester solution cooled 
in a salted ice bath. After 2h, the reaction mixture was washed twice with 
water and then dried (MgS04). After filtration and removal of solvent, the 
compound was purified by chromatography (silica, 5% MeOH/DCM) to 
give the title compound as a glassy solid (0.94g, 77%). 

20 C87H16ON10O17 requires 1617. Found ES+: [MH2]2+ 820.6, MNa+ 
1640; 5h (CDCI3) 0.85-1.0 (12H, m. CH3), 1.0-1.8 (105H. br m, CH2, 
CH. CH3), 1.90 (2H, CHzCHjmaleimide), 2.20 (6H, m, CHjCONH), 2.6- 
3.4 (26H. m. CHgN), 3.55 (2H. t, CHz-maleimide), 5.7 (1H, br s, NH). 6.5 
(2H. br s. NH), 6.68 (2H. s, maleimide). 8c (CD3OD) 20.1, 20.5, 25.8, 

25 25.9, 28.2. 28.8. 29.1. 30.7, 31.3, 31.5, 34.1, 34.2, 34.3, 34.6, 35.2, 38.3, 
38.5. 38.7. 40.3, 80.2. 81.2 (6C, (CH3)3), 135.7 (2C, maleimide). 156.0. 
157.7. 158.6 (6C, NHCO2), 172.8. 175.5. 176.6, 177.1 (4C, CONH). 
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INTERMEDIATE 11 

Ml-r7-(AmmoDroDvlaminobiitylaminomethvn 
aminopropvlaminobutvlaminoQctvll- 

S fmaleimidobutanovlaminoethvh.4.8.13.17-tetramft»hyl. 

1.20-docosacliamide hexa/trifluoroacetate) salt 




10 Intermediate 10 (0.047g, 0.027tnmol) was dissolved with stirring in 96% 
trifluoroacetic acid (aqueous, 2cm^). After 20 min the acid was removed 
quickly under high vacuum and azeotroped with toluene and finally 
methanol. The residue was dissolved in water, filtered (Whatman syringe 
filters 0.45fim PP) and lyophllised to produce the title compound as a 

15 white fluffy solid (0.049g, 100%). C57H112N10O5 requires 1017. Found 
ES+: [MH3P+ 340.1 [MH2J2+ 509.7; 5h (CD3OD) 0.85-1.0 (12H. m, 
CH3), 1.0-1.8 (60H, br m, CH2, CH. CH3), 2.20 (8 H, m, CH2CONH. 
CH2CH2maleimide), 2.8-3.4 (26H. m, CH2N), 3.55 (2H, t, CH2- 
maleimide), 6.80 (2H, s, malelmide) 6c (CD3OD) 20.2, 20.6, 24.4, 24.6. 
20 25.8, 25.9, 26.0. 27.4. 28.2. 28.8, 30.6, 30.8, 31.1, 34.2, 34.4. 34.7, 35.4, 
38.2. 38.6, 38.8. 40.4, 40.6. 46.3, 118.2 (6C. m, CF3), 135.8 (2C, 
malelmide). 163.3 (6C. m, CF3CO2). 172.9. 175.6. 176.9, 177.3 (4C. 
CONH). 
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INTERMEDIATF 17 

N.i-fN.N'-dirt-ButvloxvcarbonvM- 7-fN.N'.dWt- 
butvloxvcarhonvnaminobutylaminomethvn 
S aminQbutvlaminooctvll-24-fmaleimidobutanovlaminn) 
tetracosanamidfi 




10 4-Maleimidobutyric acid N-hydroxysuccinimide ester (200mg, O.Smmol) 
was dissolved in DCM (aOcrn^) and E2 (Section 1) (412mg, 0.38mmol) 
added dropwise in 5cm^ of DCM. After 2h the reaction was complete and 
it was evaporated to small bulk before chromatography (silica-20% 
hexane In ethyl acetate). The solvent was removed under high vacuum 

15 and the residue dissolved in ether before evaporation to dryness to yield 
the title compound as a white solid (39 mg, 84%). C69H127N7O12 
requires 1246. Found ES+: MH* 1246.8. C69H127N7O12 requires 
C:66.47%. H: 10.27%, N: 7.86%. Found: C: 66.33%. H: 10.31%, N: 
7.85% 6h (CDCI3) 6.70 (2H, s, maleimide). 5.9 (1H, br, CONH ), 4.65 

20 (1H. br, CONH ), 3.57 (2H, t, CH2 maleimide ), 2.9-3.4 (24H. m, NCH2), 
2.17 (2H, m, (CH2)22CH2CONH)), 2.15 (2H, t. (malNCH2CH2CH2CONH), 
1.94 (2+1 H, m, (malNCH2CH2CH2CONH + bridgehead), 1.8-1.0 (96H. 
m, CH2). 
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INTERMEDIATE 13 

MJ-rT-fAminobutvlaminomethvnaminobijty laminooctvl]- 
24-fmaleimidobutanovlamino»etracosanamidB 
5 tetraftrifluoroacetate) salt 



H 




.4TFA H 



Intermediate 12 (398mg. 0.32mmol) was dissolved with stirring in 96% 
10 trifluoroacetic acid (aqueous. lOcm^). After 30 min the acid was removed 
quickly under high vacuum and azeotroped with toluene and finally 
methanol. The residue was dissolved in water, filtered (Whatman syringe 
filters 0.45nm PP) and lyophilised. The white fluffy solid was triturated 
with anhydrous ether, filtered off and subjected to high vacuum to yield 
15 the title compound as a white solid which was dissolved in water and 
lyophilised again (330 mg, 80%). C49H95N7O4 requires 846.76. 
Found ES+: MH+ 846.9. C49H95N7O4. 4.5TFA requires C:51.24%, H: 
7.38%. N: 7.21%. Found: C: 51.25%, H: 7.42%, N: 7.31%. 5h (CD3OD) 
6.80 (2H, s, maleimlde), 3.52 (2H. t, CH2 maleimide ). 3.0-3.3 (12H. m. 
20 NCH2), 2.97 (4H. t, CH2NHCO), 2.20 (1H. m. bridgehead). 2.16 (4H. dt, 
(CH2CONH). 1.86 (2H. m. malNCH2CH2CH2CONH ). 1.9-1.2 (60H. m, 
CH2). 
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INTERMEDIATE 14 

Nl-fN.N'.N"-trift.Butvloxvcarbonvl)-7 .rN.N-.N".trt(t- 
butvloxvcarbonvnaminoDroDvlaminobutylaminomethyl] 
S aminoDropvlaminobutvlammooctyl>.24. 
fbenzvloxvcarbonvlaminoUetracosanamide 




Boc 

10 

D19 (Section 1) (380mg, 0.735mmol) was dissolved in DCM (Scm^) 
containing DBU (223mg, 1.47mmol) and N-hydroxysuccinimide (169mg, 
1.47mmol) to give a clear solution. EDC was added (210mg, 1.1mmol) 
and after 3h B16 (Section 1) (580mg, 0.56mmol) was added and the 

15 stirred reaction left 18h. The product was' purified by chromatography 
(silica-60% ethyl acetate in hexane) to yield the title compound as a 
glassy product (678 mg, 79%). C85H156N8O15 requires 1529.17. 
Found ES+: MH+ 1530.2. 8h (CDCI3) 7.33 (5H, m. ArH ), 6.00 (1H, br, 
CONH ). 5.08 (2H, s, CHzPh). 4.7 (1H, br, CONH ). 2.9-3.4 (24H, m, 

20 NCH2) ,2.19 (2H, t. CH2CO2H), 1.8-1.0 (118H, m. CH2). 



wo 01/12154 



PCT/GBOO/03170 



126 



INTERIVIEPIATE 1$ 

jil-{N,N',N"-tri(t-B»tyl9xycarb9nYl)-7-rN.N\N"-tri(t- 
b«tyi9xycart?pnyl)amingpropylaminobMtylaminpmethyl] 
5 aminopropylamingbHtylamin9Qctyl}-24- 
aminQtgtragQsanamidg 



Boc 




Boc " 

Boc 



10 

Intermediate 14 (432mg, 0.28mmol) was dissolved in f-butanol (50cm^) 
at 40°C containing Raney nickel (SOOmg), Pearlman's catalyst (500mg) 
and ammonium formate (3g) under a hydrogen atmosphere. There was 
a vigorous hydrogen evolution and the reaction was complete after 5h. 

15 The catalyst was removed by filtration and the reaction evaporated to 
dryness. The product was purified by chromatography (silica-10% 
methanol in DCM containing 0.1% triethylamine) to yield the title 
compound as a glassy product (360 mg, 89%). C77H-150N8O1 3 
requires 1395.1. Found ES+: MH"^ 1396.0. 5h (CDCI3) 5.65 (1H. br. 

20 CONW ), 2.9-3.4 (24H, m. NCH2), 2.19 (2H, t, CH2CO2H), 1.8-1.0 (118H, 
m, CW2). 



wo 01/12154 



PCT/GBOO/03170 



127 



INTERMEDIATg Ifi 

Nl-fN.N-.N"-trHt.R..tv loxvcarbonvn-7-rN.N'.N".tri(t. 
butvlOXVCarbQnvhaminoproDvlaminobutvlaminomgthyl] 
S aminoDroDvlaminnhi.tyl aminooctvl>.24. 

(maleimidobutanovlaminoltetracosanamide 



10 



Boc 
I, 




NsXV>* NHBoc 



^r(CH2)23 ^ N^^^^^.^-^ 

N^^-ssX^ ^ ^ NHBoc 




Boc 



4-Maleimido butyric acid N-hydroxysuccinimide ester (200mg, 1.25mmol) 
was dissolved in DCM (20cm3). Intermediate 15 (344mg, 0.25mmol) was 
added dropwise in Scm^ of DCM. After 2h the reaction was complete and 
it was evaporated to small bulk before chromatography (silica-10% 

15 hexane in ethyl acetate). The solvent was removed under high vacuum 
and the residue dissolved in ether before evaporation to dryness to yield 
the title compound as a white solid (216mg, 56%). C85H157N9O16 
requires 1560.2. Found ES+: MH"*" 1561. 5h (CDCI3) 6.70 (2H, s, 
maleimide). 6.2 (1H, br, CONH ). 5.9 (1H, br, CONH ), 3.57 (2H. t, CH2 

20 maleimide). 2.9-3.4 (24H. m, NCH2). 2.23 (2H. t, (CH2)22CW2CONH)), 
2.16 (2H, t. (malNCHaCHgCHzCONH). 1.94 (2+1 H, m, 
(malNCH2CH2CH2CONH + bridgehead), 1.8-1.0 (118H, m, CH2). 
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INTERMEPIATF 17 

Ml-r7-fAminoDroDvlaminobutvlaminomefhyl) 
aminoDropvlaminobutylaminooctvl1-24. 
5 fmaleimidobutanovlamino)tetracosanamide 
hexaftrifluoroacfttate^ salt 




10 Intermediate 16 (216mg, 0.14mmol) was dissolved with stirring in 96% 
trifluoroacetic acid (aqueous, 10cm^). After 30 min the acid was removed 
quickly under high vacuum and azeotroped with toluene and finally 
methanol. The residue was dissolved in water, filtered (Whatman syringe 
filters 0.45pim PP) and lyophilised. The white fluffy solid was triturated 

15 with anhydrous ether, filtered off and subjected to high vacuum to yield 
the title compound as a white solid (233mg, 100%). C55H109N9O4 
requires 959.9. Found ES+: MH+ 961.0. Ce/Hi 15N9O16F18. 2H2O 
requires C:47.88%, H: 7.14%, N: 7.50%. Found: C: 47.86%. H: 6.86%, N: 
7.35%. 5h (CD3OD) 6.80 (2H. s, maleimide). 3.52 (2H, t, CH2 

20 maleimide), 3.0-3.3 (24H, m, NCH2), 2.16 (2H, t. (CH2)22CH2CONH), 
2.07 (2H, t, malNCH2C/V2CH2CONH), 1.86 (2+1 H, m. 
malNCH2CH2CH2CONH + bridgehead). 1.9-1.2 (64H. m. CH2)- 
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INTERMEDIATE 18 

24-rmaleimidoDroDanovlammopolvfethvleneoxy) 

prQPanQVlammo1-/V-f8.rMethvl/t.butvloxvcarbonvl) 

aminoDropvUt-butvloxvcarbonvhaminobutvirt- 

butvloxvcarbonvnaminol-7-fmethvirt.butvloxv carbonvi) 

aminopropvtft-butvloxvcarbonvn aminobutvl/t- 

butvloxvcarbonvMaminomethvl]octviMetracQsanamiriP 

^NBOC 




,NBOC 



To NHS-PEG-MAL MW 2000 (Shearwater) (169mg, 0.078mmol) in 
anhydrous DCM (lOcm^) were added 50 (117mg, 0.092mmmol) and 
triethylamine (16mg, 0.157mmol) and the reaction left overnight under 
argon. The solvent was removed and the residues purified by silica 
column chromatography (eluting with 5-10% methanol in DCM) to yield 
the title compound as a white solid, 205mg, 76%. C171 H328N10O58 
(n=41) requires 3450.3. Found ES+: MNa"*". 3474.0, hAUa2^*, 1748.7. 
6h (CDCI3) 1.24 (46H, br, (CH2)4CH. (CH2)l9{CH2)22CO), 1.38-1.80 
(72H, m, (CH3)3C, CH2CH2CH2NH, CH2CH2CH2CO. 
NCH2(CH2)2CH2N. NCH2CH2CH2N), 1.97 (1H, br. CH), 2.20 (2H, t. 
(CH2)22CH2CO). 2.4-2.7 {4H, m, NCH2CH2O, PEGCH2CO), 2.83 (6H, s, 
NCH3). 2.90-3.35 (26H, m. NCH2. 3.35-3.9 (-176H, br, OCH2). 6.03 
(1H. br. (CH2)23CONH). 6.30. 6.93 (2H, 2 x br. CONH). 
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(52) 24-rmaleimidoDropanovlaminopolvfethvleneoxy) 
Dropanovlaminol-Ay-fS- 
rMethvlaminoDropvlaminobutvlamino]-7- 
S fmethvlaminoproDvlaminobutvlaminomethvlToctyl}- 
tetracosanamide 




^NH 



ID (51) (205mg) was dissolved in 96:4 trifluoroacetic acid:water {4cm^) and 
left at room temperature for 25 minutes. The solvent was removed, the 
residues taken up into MilliQ water (10cm^) and filtered through a 0.2nm 
polypropylene filter. The solution was freeze dried to yield the title 
compound as a colourless gum/solid in quantitative yield. 

15 C147H292N10O49 (n=44) requires 2982.1. Found ES+: MH2^*, 
1470.3. 6h (CD3OD) 1.20-1.45 (44 H. m, (CH2)3CH2CH, 
(CH2)19CH2C0). 1.45-1.70 (8H. m, CH2CH, CH2CH2CH2NH. 
CH2CH2CH2CO), 1.83 (8H. m. NCH2(CH2)2CH2N). 2.11 (2H, m, 
CH2CO). 2.15 (4H. m. NCH2CH2CH2N), 2.23 (1H. m. CH). 2.42 (2H. t. 

20 OCH2CH2CO), 2.47 (2H. t. NCH2CH2CO). 2.74 (6H. s. NCH3). 3.0-3.25 
(26H, m, NCH2). 3.50 (2H, t, NCH2CH2CO). 3.55-3.90 (-180 H, m. 
OCH2), 6.82 (2 H, s, CH=CH). 



wo 01/12154 



PCT/GBOO/03170 



131 



SECTION 3 

The following gives details for the preparation of a targeted bipolar lipid 
5 of the invention using an anti-CD3 antibody (0KT3) and a pegylated lipid 
(Intermediate19). It will be appreciated that the procedure described will 
give other targeted lipids of the invention by simple substitution of the 
antibody and/or lipid with other targeting molecules and bipolar lipids as 
generally and specifically described herein. 

10 

A: Site Specific Attachment of OKT3 Fab' to InffirmPriiatP 
±9 

1. Selective Re duction of F^ah'^o ^" F«h '- 

15 0KT3 F(ab')2 (900ul, 5mg/ml) was incubated with 2-mercaptoethylamine 
(100ul: lOOmM) at 37oc for 30 minutes. Excess reducing agent was 
removed by application to a pre-packed, pre-equilibrated (0.1M sodium 
acetate, 2mM EDTA, pH5.80) G25 column (PD-10, Pharmacia). The 
concentration of the eluted protein was determined by absorbance at 

20 280nm (Extinction coefficient 1 .43). 

The extent of reduction from F(ab')2 to Fab' was established by HPLC gel 
filtration analysis. (DuPont GF250; 0.2M sodium phosphate, pH 7.0). 

2. Incubation of Fab' with intfi rmediate 19 

25 0KT3 Fab' (2mg, 0.04uml) In 0.1 M sodium acetate, 2mM EDTA. pH 5.80 
was added to a lyophilised powder of Intermediate 19 (Img, 0.3umol). 
The mixture was vortexed and maintained at 37oc for 30 minutes and 
40c overnight. 

The reaction mix was then applied to a pre-primed (1% PEG2000). pre- 
30 equilibrated (0.2M sodium phosphate, pH 7.0) Sephacryl S-300 column 
(30cm X 0.9cm) to remove excess Intermediate 19 and to buffer exchange 
for further purification. 

The fractions were pooled by OD at 280nm and analysed by SDS PAGE 
(Novex 4-20% gradient). 
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3. Removal of Unreacted Fab' by Hydrophobic Interaction 
Chromatooraphv 

SDS PAGE (reducing conditions) had shown that there was unreacted 
5 Fab* as evidenced by the presence of non-derivatised heavy chain. The 
buffer containing the S-300 purified material was adjusted to the 
composition of the equilibration buffer in the column step. This was then 
applied to the pre-equilibrated (1.5M ammonium sulphate, 50mM sodium 
phosphate, pH 7.0) Porous PE (50um) column {1.66mm dia x 10cm) and 
10 eluted with a linear gradient of 1.5M ammonium sulphate/50mM sodium 
phosphate, pH 7.0 to 50mM sodium phosphate, pH7.0 over 20 column 
volumes at a flow rate of Smlmin-^. 

The eluted fractions were analysed by SDS PAGE (Novex; 4-20% 
gradient) and the concentration determined by absorbance at 280nm 

1 5 (extinction coefficient 1 .43). 

The unreacted Fab7F(ab')2 was eluted in the void volume and at 
approximately 1M ammonium sulphate and the required product eluted 
as a broad peak from 0.6M to zero ammonium sulphate. Total step 
recovery of required product was 29%. 

20 Fab'-conjugated Intermediate 19 was concentrated via an Amicon stirred 
cell (Mlllipore: 10K cut off). A FACS competition assay using FITC- 
labelled 0KT3 IgG showed that there was no change to the binding 
ability of the Intermediate 19 derivatised material compared to the parent 
Fab'. 

25 

Random Modification of QKT3 IgG with Intermediate 19 

1. Introduction of Thiol groups onto loG with N-Suc cinimidvl S- 
Acetvlthioacetate fSATA^ 

0KT3 IgG antibody (1.0ml, 6mg) was incubated with SATA/DMSO (3.3ul, 
30 20mM) at room temperature for 30 minutes. 

Excess SATA was removed by application of the mix to a pre-packed, 
pre-equilibrated (50mM sodium phosphate/1 mM EDTA, pH 7.50) G25 
column (PD-10, Pharmacia). 

Protein concentration was determined by measuring the absorbance at 
35 280nm (extinction coefficient 1.43). 
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The thiol groups on the SATA-derivatised IgG (900ul) were activated with 
50mM sodium phosphate/1 mM EDTA buffer containing 0.5M 
hydroxy lam ine hydrochloride for 2h at room temperature. Titration with 
4,4' dithidipyridine showed that 1.5 thiols had been introduced per 
5 antibody molecule. 

2. Incubation of Thiolated IqG with Intermediate 19 
Thiolated antibody (3.0mg, 0.02nmol) in 50mM sodium phosphate/1 mM 
EDTA, pH 7.50 was incubated with Intermediate 19 (solution in water, 
10 0.5mg, 0.14umol) at 37^0 for 30 min at A^C overnight. 

The reaction mix was then applied to a pre-primed (1% PEG2000) pre- 
equilibrated (0.2M sodium phosphate, pH 7.0) Sephacryl S-300 column 
(30cm X 0.9cm) to remove excess Intermediate 19 and to buffer 
15 exchange. The pooled fractions were aniysed by SDS PAGE (Novex 4- 
20% gradient) and the concentration determined by absorbance at 
280nm (extinction coefficient 1.43). 

A change in the banding pattern of the heavy chain (as observed on a 
20 reducing gel) provided evidence that modification of the IgG had 
occurred. 



SECTION 4 

25 

PREPARATION OF NON-LIPQSQMAL TARGgTg P BIPOLAR 
LIPID PARTICLFS FOR DELIVER Y OF DMA TO CPLLS AND 
SPECIFIC TRAMSFPrr TION THEREOF 

30 The following gives a general procedure for the preparation of particles 
according to the invention. Where particular targeted and other bipolar 
lipids are mentioned it will be appreciated that these may be substituted 
by any equivalent targeted and/or bipolar lipids as generally and 
particularly described herein. 

35 
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Materials 



Diluent (G5H): 5% glucose in HEPES was prepared from 8 volumes 
5 lOmM HEPES pH 8 and one volume 45% glucose 

(Sigma, sterile aqueous solution). The diluent was 
sterile filtered to 0,2|i. 
DNA: Plasmid DNA (pCMVp encoding the p-galactosidase 

reporter gene) was prepared using a Qiagen kit 
10 according to the manufacturer's instruction and was 

formulated at approximately 1 mg/ml in 10 mM 
TRIS/10 mM EDTA buffer pH 8.0 and sterile filtered to 
0.45^. Plasmid DNA was diluted in G5H to 62 jig/ml 
working solution (equivalent to 0.2 mM DNA 
15 phosphate). 

1st bipolar lipid: A 10 mg/ml solution of the TFA salt of H33 (Section 
1)was prepared in water and sterile filtered to 0.02ji, 
(for H33 equivalent to 35.59 mM N+). 
2nd bipolar lipid: A 10 mg/ml solution of the TFA salt of 14 (Section 1) 
20 was prepared in water and sterile filtered to 0,02|j, (for 

14 equivalent to 17.89 mM N"*"). 
Working solutions of each bipolar lipid were 
prepared in G5H at 1.2mM (N+ equivalents). 
Test Targeted Lipid: Anti-CD3 (IgG or Fab' fragment) antibody- 
25 Intermediate 19 conjugate as described in Section 3. 

Control lipid: Isotype matched control (lgG2a or Fab' fragment 
thereof) antibody-Intermediate 19 conjugate as 
prepared in a similar manner to the Test lipid. 
Test and control lipids were diluted in G5H to 1|aM 
30 with respect to antibody binding site concentration. 

Co-lipid: A 25 mM solution of the following lipid mixture was 

prepared in 0.5M octyl glucoside: cholesterol: dioleyl 
phosphatidylethanolamine: cholesterol hemisuccinate 
(molar ratio 40:40:20). The solution was sterile filtered 
35 to 0.02KI. 
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Method 1 

All reagents and procedures were carried out under sterile conditions. 

To prepare 1ml quantities of particles of the invention at 20 |ig/ml DNA 
5 containing a desired percentage of either bipolar lipid, the working 
solutions of each bipolar lipid were mixed in the respective proportion by 
volume to give 162 ^1. For example for a 33 mol% 1st bipolar lipid / 67 
mol% 2nd bipolar lipid mixture 54|il of first-bipolar lipid (1,2mM) were 
mixed with 108^1 of the second bipolar lipid. The mixture was diluted with 
10 494ul of G5H in a 7ml vial, then 323|il diluted DNA added drop-wise with 
vortexing. The test or control lipids were added to separate mixtures as 
single 21|il aliquots with vortexing. The transfection mixtures were left for 
at least 30 min at room temperature before use or stored at 4^0 for longer 
periods. 

15 

Method 2 

All reagents and procedures were carried out under sterile conditions. 

20 To prepare 1ml quantities of particles of the invention at 20^g/ml DNA 
containing a desired percentage of either bipolar lipid, the working 
solutions of each bipolar lipid were mixed in the respective proportion by 
volume to give 162nL The test or control conjugates were added to 
separate mixtures as single 21[il aliquots with vortexing. The mixture 

25 was diluted with 494ul of G5H in a 7ml vial, then 323^1 diluted DNA 
added drop-wise with vortexing. The transfection mixtures were left for at 
least 30 min at room temperature before use or stored at 4^0 for longer 
periods. 

30 

MgthPd 3 

All reagents and procedures were carried out under sterile conditions. 

To prepare 1ml quantities of particles of the Invention at 20 jig/ml DNA 
35 containing a desired percentage of either bipolar lipid, the working 
solutions of each bipolar lipid were mixed in the respective proportion by 
volume to give 162jil. The mixture was diluted with 494ul of G5H in a 7ml 
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vial. The test or control conjugates, as single 21^1 aliquots. were added 
to separate 323fil portions of diluted DNA with vortexing, then added 
drop-wise to the diluted bipolar lipid mixture with vortexing. The 
transfection mixtures were left for at least 30 min at room temperature 
5 before use or stored at A^C for longer periods. 

The above preparations from Methods 1, 2 and 3 resulted in a bipolar 
lipid cation: DNA anion charge ratio of 3:1 and 5 antibody binding sites 
per plasmid. Either parameter could be varied by changing the volume of 

10 the respective reagent by the desired proportion and by making an 
equivalent change to the volume of G5H addition by the converse 
amount. Charge ratios were vaned from 0.5:1 to 6:1 and the antibody 
binding sites per plasmid were varied from 0.5 to 100. The molar 
percentage of the first bipolar lipid relative to the total bipolar lipid was 

15 varied from 0% to 100%. 



Method 4 

All reagents and procedures were carried out under sterile conditions. 

20 

DNA was diluted in G5H to 248|ig/ml working solution (equivalent to 0.8 
mM DNA phosphate). Working solutions of each bipolar lipid were 
prepared in G5H at 4mM (N+ equivalents). 

25 To prepare 1ml quantities of condensed DNA mixture, at 60^ig/ml DNA, 
containing a desired percentage of either bipolar lipid; the working 
solutions of each bipolar lipid were mixed in the respective proportion by 
volume to give 194^1. For example for a 33 mol% 1st bipolar lipid/67 
mol% 2nd bipolar lipid mixture 64^1 of 1st bipolar lipid (1.2mM) were 

30 mixed with 130^1 of the 2nd bipolar lipid. 

A 63nl aliquot of either test or control conjugate and 377^1 of G5H were 
added to the bipolar lipid mixture. 

The co-lipid solution (124^l) was added to 242^1 of DNA and the mixture 
35 added drop-wise to the bipolar lipid mixture with vortexing. The mixture 
was left at room temperature for at least 30 min, after which time it 
became slightly turbid. 
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Octyl glucoside was removed from the preparation by gel filtration, using 
a Sephadex G25 PD10 column equilibrated with 35ml 10mM HEPES pH 
8 under sterile conditions. A void volume fraction of 2ml was collected to 
5 which 0.25 ml of 45% glucose was added. For transfection the 
preparation was further diluted to 20ng/ml DNA with G5H. 

MgthQd 5 

As for Method 4 except that 194|il of the bipolar lipid mixture, 63^1 of test 
10 or control conjugate, 377)il of G5H and 124^il of the co-lipid solution were 
pre-mixed then added drop-wise to 242^1 of DNA with vortexing. 

The above preparations from Methods 4 and 5 resulted in a bipolar lipid 
cation: DNA (phosphate) anion charge ratio of 4:1 and 5 antibody binding 

15 sites per plasmid. The ratio of total co-lipid to DNA was 16:1 moles per 
DNA phosphate. All three parameters could be varied by changing the 
volume of the respective reagent by the desired proportion and by 
making an equivalent change to the volume of G5H addition by the 
converse amount. Charge ratios were varied from 0.5:1 to 6:1 and the 

20 antibody binding sites per plasmid were varied from 0,5 to 100. Lipid: 
DNA ratios were varied from 1:1 to 50:1. The molar percentage of the first 
bipolar lipid relative to the total bipolar lipid was varied from 0% to 100%. 

25 SPECIFIC TRANSFECTION OF JU RKAT CELLS USING 
ANTIBODY TARGETED BIPOLAR LIPID PARTICLgS 

Aim 

Specific transfection efficacy of anti-CD3 targeted bipolar lipid particles 
30 prepared in Section 3 above was tested on a human T-cell line that was 
positive for the CD3 surface marker. Paired transfection experiments 
where anti-CD3 targeted particles were compared against particles 
associated with an irrelevant antibody specificity, as provided by the 
control lipid, would therefore give a direct measure of the benefit of this 
35 form of targeting. 
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Bipolar lipid particles prepared in the absence of co-lipid (Methods 1 , 2 
and 3) were primarily tested under serum free conditions (Protocol 1 ), 
whereas bipolar lipid particles containing co-lipid (Methods 4 and 5) 
were also tested in the presence of serum (Protocol 2). 

5 

Successful transfection was quantified after culturing for 24h by assay of 
the expressed reporter gene, p-galactosidase, in cell supernatants 
following lysis and centrifugation to remove cell debris. Supernatant 
protein concentrations were also measured in order to normalise (3- 
10 galactosidase levels to account for any variations in cellular mass. 

Preparation of cells 

A human T-cell line, Jurkat E6.1, was obtained from ECACC and cell 
culture materials from Gibco. Cells were cultured in Dulbecco's Modified 

15 Eagles medium (DMEM) containing 10% fetal calf serum (PCS) and 
supplemented with 2 mM glutamine, 50 units/ml penicillin and SO^g/ml 
streptomycin. Ceils were harvested for transfection experiments by 
centrifugation at 1300 rpm for 5 minutes, supernatants were discarded 
and the pellets washed twice in 50ml serum free DMEM and re- 

20 suspended at 2x106 per ml in serum free DMEM containing 
supplements. 

Protocol 1 : serum free transfection 

Transfections were carried out in 24 well culture dishes; 200|xl of 
25 transfection complexes prepared as above containing 20 ng/ml DNA was 
transfen^ed into triplicate wells. Jurkat cells in serum free medium were 
added to the wells in SOOjil aliquots. The culture dish was gently agitated 
to ensure adequate mixing and incubated for 60 min at 37^C in 5% C02. 
Aliquots of 300^1 of 33% PCS in DMEM with supplements were added to 
30 each culture well and incubation conditions maintained for a total of 24h. 

Protocol 2: transfection in the presence of serum 
Transfections were carried out as above except that after addition of the 
200^1 of transfection complex. 300jil of 33% PCS in DMEM with 
35 supplements were added to each culture well, before addition of the cells 
instead of after the addition of the cells. 
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For both protocols cells were harvested by transferring suspensions to 
tubes and centrifugation at 1300 rpm for 5 min. Supernatants were 
aspirated and pellets washed twice with 2ml cold Dulbeccois phophate 
buffered saline. Cells were lysed by the addition of 400nl of lysis buffer 
5 and vigorous agitation on an orbital shaker for 20 min. Cell debris was 
pelleted by centrifugation of the tubes at 1500 rpm for 20 min, 
Supernatants were recovered by carefully transferring 400|al to clean 
tubes. The concentration of the expressed reporter gene, p- 
galactosidase in the supernatants was determined using a p-Gal ELISA 
10 kit (supplied by Boehringer-Mannheim) and supernatant protein 
concentration was determined using a BCA protein assay kit (supplied by 
Pierce and Warriner), If these assays were not carried out immediately, 
the supernatants were stored at -70^C. 

13 B-Gal ELISA 

The following kit components were used: 

lysis buffer, sample buffer, wash buffer (x10), anti-p-galactosidase 
antibody coated 96-well microwell plate, digoxin conjugated anti-p- 
galactosidase antibody (anti-p-Gal DIG), peroxidase conjugated anti- 
20 digoxin antibody (anti-DIG-POD), p-galactosidase standard at 1024 
pg/ml. 

Lyophilised reagents and wash buffer were reconstituted in de-ionised 
water as per manufactureris instructions. Lysis buffer was diluted 3 
volumes to 10 volumes PBS. The TMB reagent A+B pack (supplied by 

25 Pierce and Warriner) was used in place of the kit substrate; equal 
volumes of reagent A and B were mixed just prior to use. Eight doubling 
dilutions of the p-galactosidase standard were prepared in lysis buffer. 
The anti-p-Gal-DIG reagent was diluted: 20^1 per 10ml sample buffer and 
the anti-DIG-POD diluted: 40^1 per 10 ml sample buffer 

30 The microplate was blocked by incubation for 1h with 300|il per well of 
20% new-born bovine serum, then washed twice with wash buffer and 
lOOpil sample buffer added per well. 

The first ELISA stage involved adding lOOjxl of sample or standard per 
well in triplicate and incubating for 1.5h at room temperature with orbital 
35 agitation at 300 rpm. The wells were washed 4 times with 400|uil wash 
buffer per well. 
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The second ELISA stage required 200jil of diluted anti-p-Gal-DIG per 
well and incubation for 1h as above followed by the same wash regimen. 
The third ELISA stage required 200^1 of diluted anti-DIG-POD per well 
and incubation for 1h and wash as above. 
5 The final stage required the addition of 200^1 per well TMB substrate 
reagent and incubating for 30 min at room temperature, with agitation at 
300 rpm. Colour intensity in the wells was measured at 630 nm using a 
plate reader with a reference wavelength set to 490 nm. 

10 BCA Protein Assay 

Standards were prepared from a 2mg/ml stock of bovine serum albumin 
by diluting in lysis buffer to give a series at 12.5, 25, 50, 100, 200, 400, 
600, 800 and 1000 jxg/ml. Triplicate lOOjil aliquots of sample or standard 
and 200^1 of working BCA reagent per well were added to a blank 

15 microwell plate and incubated at 37^C for 30 minutes. Colour 
development was measured at 592 nm using a plate reader. 

Results of various succcessful high levels of transfections with targeted 
particles of the invention are shown in the accompanying Figures 1-4. In 
20 these experiments targeted controls showed zero or low levels of 
transfection. 

In the Figures the words "bolasome" or "targeted bolasome" are used to 
describe particles according to the invention 

25 

In the Figures: 
Figure 1 

Shows mass of reporter gene, p-galactosidase, in lysed Jurkat cell 
supernatants, following 24h in culture after transfection with anti-human 
30 CD3 antibody (OKT3) coupled particles of the invention. Levels for 
control particles coupled with an irrelevant isotype matched antibody 
(lgG2a) are also shown. Values given are mean and standard deviations 
of triplicate transfections and have been normalised against supernatant 
protein mass, 

35 
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In this experiment the proportion of antibody-lipid has been varied 
relative to a constant amount of both total bipolar lipid and of DNA; the 
former being expressed as antibody binding sites per plasmid. 

5 

Figure 2 

Shows mass of reporter gene, p-galactosidase, in lysed Jurkat cell 
supernatants, following 24h in culture after transfection with anti-human 
CDS antibody (0KT3) coupled particles of the invention. Levels for 
10 control particles 'coupled with an irrelevant isotype matched antibody 
(lgG2a) are also shown. Values given are mean and standard deviations 
of triplicate transfections and have been normalised against supernatant 
protein mass. 

15 In this experiment the proportion of 2nd bipolar lipid (containing PEG) 
has been varied as a percentage of the total amount of bipolar lipid in the 
system (1st bipolar lipid + 2nd bipolar lipid + antibody-lipid). Total bola 
and DNA remain constant at a charge ratio of 4:1 and antibody-lipid is 
incorporated at 3 antibody binding sites per plasmid. 

20 

Surprisingly a peak of transfection was observed at 33mol% 2nd bipolar 
lipid with much lower levels seen at higher or lower concentrations. 

25 Fiqur? 3 

Shows mass of reporter gene, p-galactosidase, in lysed Jurkat cell 
supernatants, following 24h in culture after transfection with anti-human 
CD3 antibody (0KT3) coupled particles of the invention that have been 
prepared in the presence of co-lipid. Levels for equivalent particles 
30 coupled with an irrelevant isotype matched antibody (lgG2a) are also 
shown. Values given are mean and standard deviations of triplicate 
transfections and have been normalised against supernatant protein 
mass. 

35 In this experiment serum sensitivities of the particles have been 
challenged by pre-incubation with either foetal calf serum or human 
serum at 20% (v/v) for 15 minutes compared to the absence of serum, 
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prior to transfection. Serum did not have a significant inhibitory effect on 
the level of transfection. 



5 Figure 4 

Shows mass of reporter gene, p-galactosidase. in cell supernatants of 
iysed peripheral blood monomorphonuclear cells (PBMCs), following 
24h in culture after transfection with anti-human CDS antibody (0KT3) 
particles of the invention that have been prepared in the presence of co- 
10 lipid. Levels for equivalent particles coupled with an irrelevant isotype 
matched antibody (lgG2a) are also shown. Values given are mean and 
standard deviations of triplicate transfections and have been normalised 
against supernatant protein mass. 

15 In this experiment PBMCs from two different human donors have been 
compared with similar levels of transfection observed in each donor. In 
either case specificity of targeting has been demonstrated by the zero or 
low level of transfection seen for the control particles. 

20 Similar experiments were performed using targeted particles of the 
invention in which the anti-CD3 targeting molecule was replaced by an 
anti-CD19 or anti-mud antibody or transferrin. The particles were 
prepared using the appropriate antibody or transferrin and Intermediate 
19 with other bipolar lipids and co-lipids as described in Sections 3 and 4 

25 above. Transfection of cell lines and quantification of transfection were 
carried out as described above and the results are shown in the 
accompanying Figures 5-7: 

In the Figures: 
30 Fioure 5 

Shows mass of reporter gene, p-galactosidase, in Iysed JY B-celis, 
following 24h in culture after transfection with anti-CD19 antibody 
coupled particles of the invention. 

35 The figure clearly shows a high level of transfection with the anti-CD19 
particle of the invention when compared to untargeted or irrelevant 
controls. 
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Figure 6 

Shows mass of reporter gene, p-galactosidase, in lysed MCF-7 cell 
supernatants, following 24h in culture after transfection with anti-mud 
5 antibody particles of the invention prepared in the absence or presence 
of co-lipid. 

In this experiment serum sensitivities of the particles have been 
challenged by pre-incubation with 50% foetal calf serum. Transfection 
10 levels were high when compared to untargeted particules, even in the 
presence of serum. 



Fioure 7 

15 Shows mass of reporter gene, in lysed K562 or Jurkat cells, following 24h 
in culture after transfection with transferrin coupled particles of the 
invention. 

In each experiment tansfection was obtained with the transferrin targeted 
20 particle. 
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CLAIMS 

1. A targeted lipid particle comprising an assembly of one or more 
different multipolar lipids, polyanions and targeting molecules. 

5 

2. A particle according to Claim 1 wherein each multipolar lipid 
comprises a lipid covalently linked to two or more polar groups 
selected from oligocations and hydrophilic hydrocarbons. 

10 3. A particle according to Claim 1 or Claim 2 wherein the multipolar 
lipid is a bipolar lipid. 

4. A particle according to Claim 3 wherein the bipolar lipid is a lipid 
covalently attached to an oligocation and a hydrophilic hydrocarbon. 

15 

5. A particle according to Claim 4 wherein the bipolar lipid is covalently 
linked HH-LP-OC where HH is a hydrophilic hydrocarbon, LP is a 
lipid and OC is an oligocation. 

20 6. A particle according to any one of Claims 1 to 5 wherein each 
targeting molecule is covalent linked TM-HH-LP-OC, where TM is a 
targeting molecule, HH is a hydrophilic hydrocarbon, LP is a lipid 
and OC is an oligocation; TM-HH-LP; TM-LP-OC; TM-HH-OC; TM- 
LP;TM-OCorTM.HK 

25 

7. A particle according to Claim 6 wherein each targeting molecule is 
TM-HH-LP-OC. 

8. A particle according to Claim 7 in which TM-HH-LP-OC is a 
30 compound of formula (2): 

[TM]u-(L4MRllm-(Ll)n-0C (2) 
where TM is a targeting molecule; 

R'' is a hydrocarbon chain optionally substituted by one or more 
35 hydrophilic hydrocarbons each containing one. two or more atoms 

of groups capable of being solvated by water, provided that at least 
one hydrocarbon chain is substituted by at least one hydrophilic 



wo 01/12154 



PCT/GBOO/03170 



145 

hydrocarbon and each hydrophilic hydrocarbon is attached to the 
hydrocarbon chain to achieve at least a ten atom spacing along the 
chain between the hydrophilic hydrocarbon and the group -(Ll)n- 
OC; 

5 m is an integer from 1 to 6; 

L** is a linker atom or group; 
n is zero or the integer 1 ; 
OC is an oligocation; 
u is an integer 1 or 2; 
10 L"^ is a linker atom or group; 

and V is zero or the integer 1 . 

9. A particle according to Claim 9 in which TM-HH-LP-OC is present in 
the range 0.01 to 4mol % of the total lipid content. 

15 

10. A particle according to Claim 6 to Claim 9 wherein TM is an antibody 
or an antigen-binding fragment or derivative thereof. 

11. A particle according to any one of Claims 1 to 10 wherein each 
20 polyanion is a nucleic acid. 

12. A particle according to any one of Claims 1 to 11 additionally 
containing one or more of LP-OC, where LP is a lipid and OC is an 
oligocation, HH-LP, where HH is a hydrophilic hydrocarbon. HH-OC, 

25 LP. HH and co-lipids. 

13. A particle according to any one of the Claims 1 to 12 additionally 
containing one or more other bioactive substances. 

30 14. A composition comprising a particle according to any one of Claims 
1 to 13 and one or more pharmaceutically acceptable carriers, 
excipients or diluents. 

15. Use of a particle according to any one of Claims 1 to 14 for 
35 delivering a bioactive substance to cells in vitro or in vivo. 

16. A targeted bipolar lipid of formula (2): 
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[TM]u-(L4MR^]m-(L^)n-0C (2) 
where TM is a targeting molecule; 

R'^ is a hydrocarbon chain optionally substituted by one or more 
5 hydrophilic hydrocarbons each containing one, two or more atoms 

of groups capable of being solvated by water, provided that at least 
one hydrocarbon chain is substituted by at least one hydrophilic 
hydrocarbon and each hydrophilic hydrocarbon is attached to the 
hydrocarbon chain to achieve at least a ten atom spacing along the 
10 chain between the hydrophilic hydrocarbon and the group -(L'*)n- 

OC; 

m is an integer from 1 to 6; 
L'l is a linker atom or group; 
n is zero or the integer 1; 
15 OC is an oligocation; 

u is an integer 1 or 2; 

is a linker atom or group; 
and V is zero or the integer 1 . 

20 17. A lipid according to Claim 16 of formula (2a): 

[TM]u-(L4)v-[R7]p-(L3)q.[R6]^-(Ll)n-[-C(R2)(R3)(R4)] (2a) 

wherein TM. u, L^. v, m and n are as defined for formula (2) and 
25 r7 is a hydrophilic hydrocarbon containing two or more atoms or 

groups capable of being solvated by water; 

p is an integer from 1 to 6; 

L3 is a linker atom or group; 

q is zero or an integer from 1 to 6; 
30 RP is a hydrocarbon chain; 

R2 is a hydrogen atom or an optionally substituted aliphatic. 

cycloaliphatic, heteroaliphatic. heterocycloaliphatic, aromatic or 

heteroaromatic group optionally containing one or more cationic 

centres; and 

35 R3 and R4 which may be the same or different is each an optionally 

substituted aliphatic, cycloaliphatic, heteroaliphatic, heterocyclo- 
aliphatic, aromatic or heteroaromatic group containing one of more 
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cationic centres or R3 and R"* together with the carbon atom to which 
they are attached form a cycloaliphatic, heterocycloaliphatic, 
aromatic or heteroaromatic group containing two or more cationic 
centres. 

5 

18. A lipid according to Claim 16 or Claim 17 in which TM is an antibody 
or an antigen binding fragment or derivative thereof. 

19. A lipid according to Claims 16 to 18 in which u is the integer 1. 

10 

20. A lipid according to any one of Claims 16 to 19 in which v is the 
integer 1 and is an atom or group -(Alk^)r{Xi)s(Alk2)t- in which 

is an -0- or -S- atom or a -C(0)-, -C(0)0- -C(SK -S(0), -S(0)2- 
-N(R5)- [where R5 is a hydrogen atom, straight or branched alkyi 

15 group such as a methyl or ethyl group or an -AlklX'*- chain], 

-C0N(R5)-, .0C(0)N(R5).. .CSN(R5)-, -N(R5)C0-, N(R5)C(0)0-, 
-N(R5)CS«, -S(0)N(R5)- -S(0)2N(R5). .N(R5)S(0K -N(R5)S(0)2-. 
<N(R5)C0N(R5)-, or -N(R5)S02N(R5)- group [where any of these 
groups contains two substituents these may be the same or 

20 different]; Alk'* and Alk2 which may be the same or different is each 

an optionally substituted straight or branched Ci-ioalkylene, C2- 
loalkenylene or C2-ioalkynylene chain optionally interrupted or 
terminated by one or more, e.g. one, two or three, carbocyclic or 
heterocarbocyclic groups and/or heteroatoms or heteroatom 

25 containing groups X^ as just defined, and r, s, and t. which may be 

the same or different, is each zero or the integer 1. provided that 
when one of r, s or t is zero at least one of the remainder is the 
integer 1 . 

30 21 . A lipid according to Claim 20 in which is a -NHC0(Alk2)t- group. 

22. A lipid according to Claims 17 to 21 wherein R2 is a hydrogen atom 
and R3 and R^ is each a group Sp^ [ WS p2]bWS p ^ or 
-Spi[WSp2]bWH in which Sp\ Sp2 and Sp^, which may be the 
35 same or different, is each a spacer group, W is a cationic centre and 

b IS zero or an integer from one to six. 
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23. A lipid according to Claim 22 where Sp^ Sp2 and Sp^ is each an 
optionally substituted aliphatic, cycloaliphatic, heteroaliphatic, 
heterocycloaliphatic. aromatic or heteroaromatic group. 

5 24. A lipid according to Claim 23 wherein Sp"^, Sp^ and Sp^ is each an 
optionally substituted Ci-ealkylene chain. 

25. A lipid according to any one of Claim 22 to Claim 24 wherein W is a 
-NH- group. 

10 

26. A lipid according to any one of Claim 22 to Claim 25 wherein b is an 
integer from 1 to 3. 

27. A lipid according to Claim 17 wherein the group -C(R2)(R3)(r4) js a 
15 group -CH[SplNHSp2NH2]2. -CH[SplNHSp2NHSp2NH2]2 or 

-CH[SpiNHSp2NHSp2NHCH3]2 wherein Sp^ is -CH2- and each 
Sp2 is -(CH2)3- or -(CH2)4-. 

28. A lipid according to any one of Claim 16 to Claim 27 wherein n: in 
20 -(L^)n- is the integer 1. 

29. A lipid according to Claim 28 wherein U is a group -X^AIk2- or 
-[Xi]2AlkiXiAlk2. in which is an -O- or -S- atom or a -C(0)-, 
-C(0)0-. -C(S)-. -S(0). -S(0)2- -N(R5K [where R5 is a hydrogen 

25 atom, straight or branched alkyl group such as a methyl or ethyl 

group or an -Alk^X^- chain], -C0N(R5)-, -0C(0)N(R5).. -CSN(R5)-. 
-N(R5)C0-. N(R5)C(0)0-, -N(R5)CS- -S(0)N(R5h -S(0)2N(R5)-. 
-N(R5)S(0)-, -N{R5)S(0)2-. -N(R5)C0N(R5)-. or -N(R5)S02N(R5)- 
group [where any of these groups contains two R^ substituents 

30 these may be the same or different]; and Alk^ and Alk2 which may 

be the same or different is each an optionally substituted straight or 
branched Ci-ealkylene, C2.6alkenylene or C2-6alkynylene chain 
optionally interrupted or terminated by one or more. e.g. one, two or 
three, carbocyclic or heterocarbocyclic groups and/or heteroatoms 

35 or heteroatom containing groups X'* as just defined. 
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30. A lipid according to Claim 29 wherein is a -CONH- group, Alk^ is 
a -CH2-CH< chain and Alk^ is a -(CH2)4-. -(CH2)5- or -(CH2)6- 
chain. 

5 31 . A lipid according to any one of Claim 16 to Claim 30 wherein m is an 
integer 1 or 2. 

32. A lipid according to any one of Claim 17 to Claim 31 wherein is 
an optionally substituted Cio-6oaliphatic chain, 

10 

33. A lipid according to Claim 32 wherein is a linear, optionally 
substituted Cie-aealkylene chain. 

34. A lipid according to any one of Claim 17 to Claim 33 wherein q is the 
15 integer 1 and p is the integer 1 or 2. 

35. A lipid according to any one of Claim 17 to Claim 34 wherein is 
an atom or group -X^- -XUlk^Xi- or [XiAlki]iXMlk2xi in which X^ 
is an -O- or -S- atom or a -C(0)-, -C(0)0- -C(S)-, -S(0), -S(0)2- 

20 -N(R5)-. [where R^ is a hydrogen atom, straight or branched alkyi 

group such as a methyl or ethyl group or an -Alk^X^- chain], 
-C0N(R5)- -0C(0)N(R5)-. -CSN(R5). -N(R5)C0-, N(R5)C(0)0-. 
-N(R5)CS-, -S(0)N(R5)., -S(0)2N(R5). -N(R5)S(0)-. -N(R5)S(0)2-. 
-N(R5)C0N(R5)-, or -N(R5)S02N(R5). group [where any of these 

25 groups contains two R5 substituents these may be the same or 

different]; and Alk^ and Alk2 which may be the same or different is 
each an optionally substituted straight or branched Ci-ealkylene, 
C2-6alkenylene or C2.6alkynylene chain optionally interrupted or 
terminated by one or more, e.g. one, two or three, carbocyclic or 

30 heterocarbocyclic groups and/or heteroatoms or heteroatom 

containing groups X^ as just defined. 

36. A lipid according to Claim 35 wherein is a -NHCO-, -CONH-, 
-CONH(CH2)2NHCO-. or -[CONH(CH2)2-]2NCO(CH2)2CONH 

35 group. 
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37. A lipid according to any one of Claim 17 to Claim 36 wherein is a 
synthetic or naturally occurring polyol or a poly(alkylene oxide) or a 
derivative thereof. 

5 38. A lipid according to Claim 37 wherein R7 is a poly(alkylene oxide) or 
a derivative thereof. 

39. A lipid according to Claim 38 wherein R7 is a poly(ethylene oxide). 



10 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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